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PREFACE 

pArER-MAKiNa, Iti coniuion with many other influstries, is 
one in which both engineerin^jj and chemistry play important 
parts. Unfortunately the functions of the engineer and 
chemist are generally regarded as independent of one 
another, so that the chemist is only called in by the engineer 
when efforts along the lines of mechanical improvement 
have failed, and vice versa. It is impossible, however, to 
draw a hard and fast line, and the best results in the art of 
paper-making are only possible when the manufacturer 
appreciates the fact that the skill of both is essential to 
progress and commercial success. 

In the present elementary text book it is only proposed 
to give an outline of the various stages of manufacture and 
to indicate some of the improvements made during recent 
years. 

The author begs to acknowledge his indebtedness to 
manufactui’ers and others who have given permission for the. 
use of illustrations. 
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THE MANUFACTURE 
OF PAPER 


(UlAPTOli 1 

HISTOKK’ATi NO'l’K’E 

— art of pajH'r-iiialviiijj; is niidonljUnlly oii(‘ of 
tlio most important industries of tlic ])reseHt day. Tlio 
study of its develojmu'nt from the early hyf^ono a^^es when 
men were' compc'lled to find some nu'aiis for rocordin" 
imjiortaiit evc'ots and iransaetions is inieTesting and 
instructive, so that a- short summary of tlie Imown facts 
relating to the history of pa[)er may widl S('rve as an intro- 
duction to an account of the manufacture and usi^ of this 
indispensahh' article*. 

Tradnwu.— Thv early races of mankind contemted them- 
selves with keeping alive, the memory of great acViievements 
])y means of tradition, \ahant deeds W(*rf further com- 
memorated by the planting ol trees, tlu^ setting u}^of heaps 
of stoiu's, and the en'Ction of clumsy monuments. 

SfoiK’ U/)c/ 7 .s*/,-s‘.— The possibility of oldaining greatet 
accuracy by c^arving the rude hu'roglyphics of imu) and 
animals, birds and plants, soon suggested itself as an 
obvious improvement ; ai^i as early as r..e. 4000 the first 
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rt^cords whicli conven'd any meaning to later ages wevv, 
faithfully inscribed, and for the most part consigned to tli(‘ 
care oLtlie ])ri(‘sts.'^ 

Clai/ Tahleiii. — The ordinary transactions of daily lib*, 
the writings of literary and scicmtific men, and all that was 
worthy of itoU*- in the history of sucli nations a,s Ohald(Ta 
and Assyria have come down to us also, inscrihedc on clay 
tablets, which Avere naidered durable by careful baking. 
On a tablet of clay, oru' of tlii' earliest sj)ecim(ms of writing 
in exist('uce, now preserved in the British ]\rus(mm, is 
recorded a proposal of marriage, writteai about VuV. 15 IJ 0 , 
from one of the Pharaohs, asking for the liand of tlie 
daughter of a Babylonian king. 

iru.uv/ Boards. — Jfoiu^, ivory, plates of imdal, k'ad, gold, 
and brass, Avere freely used, and at an early period wooden 
boards covered with wax w(‘re devistal by Ilu‘ Bonifins. in 
fact, any material having a soft imjn’essionabh^ surface was 
speedily adopted as a medium for tlu' ]>ernianent ((Xpi-e-ssion 
of men’s fancy, so that it is not si ranges to find instances of 
documents Avritten on such curious substances as animal 
skins, hides, dried intestines, and l(‘,atb(‘r. The works of 
Honit'r, ])reserved in oiu' of tlu' Bgyptian libraries in the 
days of Ptoleimeus Pliiladeljdius, Avere said to have been^ 
written in hitters of gold on the skins of se-rpeiits. 

Ijrares, Bark. — ’Ihe first actual advance in the direction of 
paper, as commonly understood, was made avIuua the- leaves 
and bark ol tr<‘es were utilised. The latter ('specially came 
s])ee-dily into fcivour, and the extensi\^e us(', of the imu'r bark 
{Idirr) made ra])id lieadAvay. Maniisciii)ts and documents 
wriih'n tm this lihrr art; to be found in many miis('unis. 

P(i))jjnis. — The discoAwy of tlie Avonderful propc'rties of 
the Egyptian papyrus was a great ste]) in (h'-velo])ing rlit^ 
art of paper-making. Tin; date of this discovery«is very 
imcertain, but one of the earliest references is to be found 
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in Uio works of Pliny, where ftientioii*is made of the writinj^^s 
of Nuina, who lived about b.c. h70. This celebrated plant 
had lon;j; been noted for its ViM,liie in the manufax^ture of 
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Ei(i. 1. — Sbeot of Papyrus, showing the layers crossing one auotbei 
( Mvaiis). 

mats, cordage, and wearing apparel, but its tam«‘ fests upon 
its utility in quite a different direction, namely, for convey- 
ing to posterity the written records of those early days 
whiclf have i)roved a source of unending interest to 
B,ntiquaries. 

B 
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THE MANUFAOnmE OF PAPER 


The Egyptian papyrVls was made from the line layers of 
lihrous matter surrounding the parent stem. Tlujse layers 
were removed by uR^ans of a sharp tool, s})vt‘ad out on a 
board, moistened witli some gummy water, and then 
covered with similar layers placed over them crosswise. 
The slu'ets so produced were pnissed, dried, and polislu'tl 
with a piece of ivory or a smooth stones Eong'rolls of 
papyrus were formed by pasting several slieets together to 
give what was termed a rohnnru. 

lioinnn ]^apj/ri . — The Homans improved the proc(;ss of 
manufactui'e, and wen^ able to produce a variety of ])apers, 
to which they gave dilTerent names, such as (hnrta Jnvraiu-a 
(holy i)apei‘, used by ])i-iests), Charta Faimiaxti (a superior 
pa})er made l>y Eannius), (Imrla oupoiriira f shop or wrap- 
ping paperi, CJtarla S^dfira (after the city of Sais), etc. The 
papyrus must have been used in great (plant ities for this 
pur])Ose, since recent (!xplorations in Eastern countries ]ia,ve 
lirought to light enormous linds of [)apyri in a wondiTful 
state of ])n‘servation. In 17511, when the ruins of Hercu- 
laneum were unearthed, no less than 1,800 rolls were 
discovered. During the last ten years huge (piantities hav(' 
been brought to England. 

ParvhiK'ni . — Farchment succeeded papyrus as a,n excel- , 
lent writing material, being devised as a substitute for the 
latter by the inhabitants of Hergamus on account of the 
iVrohibited exportation of Egy])tian paiyrus. Eor many 
cimturies parchment held a foremost ])lace amongst the 
available mate^dals serving the puri)ose of jiajier, and 
even to-day it is used for important legal documents. This 
parchnuait was made from the shins of sheep and goats, 
w’hich wore first stee])od in lime ]uts, and then scrajit'd. 
By the jdentiful use of chalk and pumice stone tb(^ colour 
and surface of the parchment were greatly enlfhnced. 
Vellum, prepared in a similar manner from the skins of 
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calves, was also extensively employe^l as a writing material, 
and was jjrobal'ly the lirst material used tor bifidiaig books. 
Until comparatively recent times Ibe^erm “ par (i‘ merit ’ 
comprehended^ vellum, but the latter substance is mucb 
supeiuor to that manufactured from sheep and goat skins. 
* Paper . — ^tbe Cbinesi; are now generally credited with the 
art of ntaking pajier of the kind most familiar to us, that is 
fVoni fibrous matei-ial lirst ri'iluced to the condition of pulp. 
Materials such as strips of bark, leaves, and papyrus cannot 
of coui’se be inchuk'd in a delinition like this, which one 
writer luis condensed into tbe‘phrase“ Paper is a.n aqueous 
deiiosit of vegetable fibre.” 

A.i>. 105. The (‘arli(!st referiaice to the- manufacture of 
pajier is to be found in the Chinese Mncyclopa'dia, wherein 
it is sta,teAl that Ts’ai-Lun, a native of Kuei-yang, entered 
the s(‘rvice uf the Kmperor Ilo-Ti in a.d. 75, and devoting 
his leisure hours to study, suggested the use of silk and ink 
as a substitute for the lianiboo tahkd and stylus. 8ub- 
secjiieiitly he succi't'ded in making paper from bark, tow, 
old linen, and lisli nets (v.i). 105). lie was created marquis 
in A.D. 114 for his long years of service and his ability. 

A.D. 704. — it has been commonly .isserted that raw 
cotton, or cotton wool, was lirst used by the Ariibs at 
this date for the manufacture of ])aper, they having learnt 
the art fi’om certain Chinese prisoners captured at the 
occupatic^-i of Siimarkaiid by the Arabs. The compleUi 
comjuest of Samarkand does not, however, seem to have 
taken jilace until a.d. 751, and there is little doubt that 
this date should be accepted foi’ the introduction of the art 
of pai)er-niakiug among the Arabs. 

lu'cent 2u'.sru?*(7ic.s.— Professors AViesner and Karabacek 
have ascertained one or two most important and inter- 
esting*facts concerning the actual manufacture of pure 
rag paper. In 1 877 a great quantity of ancient manuscripts 
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was fonnd at El-l<^ajjum, in E^ypt, c()ui[)riRino' about 
100‘000,dojnmeuts in ten languages, extending from i\x. 
1400 toA.i). 1800, ^many of whicli were writUjn on paper. 
The documentB were closely examined in 1804 by these 
experts, at the request of the owner, the Archduke Ibiiner 
of Austria. ' 

liesearclies of a later date resulted in the 4iscovery 
of some further interesting documents which ai)[)ear id 
establish witli some degree of certainty tlie a.p])roxiniate 
date at which p/f?r rag paper, that is, paper made entirc'ly 
from rag, was manufactured. 

Chinese documents dated a.d. 708 — 780, wliich have been 
reported upon by Dr. Hoernle, and others dated a.d. 781-- 
78‘2--787, rciported upon ])y Dr. Stein as reccaitly as DIOI, 
api)ear to show what materials were used by the (dhnesci 
pa])er-makers in Western Turkestan. The manuscripts 
mentioned \ve,re dug out from the saml-buried site of 
Daiidan llilig, in Eastern Turkestan. 

Professor Wiesiicr found that all the papcjrs of tins liaiian’ 
collection were made of /i/K'fi rag, with an occasional trace 
of cotton^ probably added accidentally. The ea,rliest dated 
paper was a letter a.d. 874, ])ut two documents, which from 
other reasons could be identified as belonging to a.d. 782, 
proved that at the end of the eighth century the; Arabs 
understood the art of making linen papeu’ on network 
^moulds, and further that they added starch for tl^e juirposo 
of sizing and loading the paper. 

Professor Karabacek advances some ingenious explana- 
tions as to the origin of the idea that raw cotton w^as first 
used for 'paper-making, and he suggests that the legend ow ey 
its origin to a misunderstanding of terms. In mediieval 
times paper was known as Chartahomhi/dua, and sometimes 
as Chfirta Jkimascnw, the latter from its place of origin. 

Paper was also made in Bambyce, and a natural confusion 
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arose between the terms, sineci tlie wo^rd homhtf.v was used as 
a name for cotton, and the paper commonly in ujje sii^^^efited 
that material to the mind of the ol)ser^a3r, and the name 
became corrupted to honihi/nua. * 

The su^^gesthuis of Trofessor Karabacek, tofrether with 
the microscopical investigations of Dr. Wiesner, appear to 
show thi^t i)M})(3r made entirely from raw cotton fibre was 
not known. 

Invention of Raff Paper. - Dr. lioernle, in discussing this 
((uestion, points out that, taking \.i). Tol as the date, when 
the Arabs learnt the art of paper-making, and a.d. as 
th(‘ (kite \\h(‘n ])aper made entirely of linen rag was pro- 
duced, tile date of tlie invention of rag paper must lie 
belw(3en these two dates. 'J’he documents discovered in 
Eastern Turkestan and bearing tlie dates mentioned, which 
]n»p('rs till up the gaj) between tlie years a.d. 751 and 
A.j>. 7b‘i, w('re found to contain certain law fibres, such as 
(Tiina grass, mulberry, laurel, as the main constituents, 
and macorated flax end hemp rags as the minor con- 
stituents. 

Tbe addition and substitution of rag evidently increased 
in course of time, and since the impro\( ment thus elfected 
soon became an obvious and (jstiiblished fact, the raw fibres 
were omitted. Hence the credit of the manufacture of pure 
rag ])ai)er would bo given to the peojile of Samarkand, the 
date beii^ between the years a.d. 7t)0 and a.d. 7h‘2 ; and 
furihei' the conslitutio]! of such paper has been shown by 
Dr. Wiesner to be linen, and not cotton, as commonly 
shiied. * 

These researches are of such interest that Ave quote 
Professor Hoeriile’s translation of the summary of the 
principal results ot Dr. Wiesner’ s examination of the 
Eastern Turkestani pajiers so recently discovered: — 

“ Taking into account the dates assigned to the papers on 
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palffiograpliic grounds^ llie following conclusions may be 
drawn from, the examination of their materivil : — 

“(1) Tlie oldest yf the Eastern Tiirkestani papers, dating 
from tlie fourth and fifth centuries a.d., [ire made of a 
mixture of I'aw fibres of the b[iHt of various llicotyledonons 
pliiiits. Erom these fibres the lialf-stulT for the paper wafj 
made by means of jl rude mech[inic;il ])rocesH. ^ 

“(2) Similar pa])ers, madi^ of a mixture of raxN fi})res, 
are also found belonging to the fifth, sixth, and seventh 
centuries. Eut in this period there Jilso occur i^apers 
which are made of a mixture of rudely pounded rags 5ind 
of raw fibres extracted by maceration. 

‘‘(8) In the same period jnipers nuike their a])pP5irance 
in which sjiecijil methods are used to rimdi'r them cajiahle 
of being wTitten on, viz., cojiting with gy])sum and sizing 
with stiiJ'ch or with a gelatine extracted from lichen. 

“(4) In the seventh and eiglith centuries both kinds of 
papers are of ecpuil fri^piency, tliosii nnide of the r[iw fihri'. 
of various dicotyledonous phiiits and those made of a mixture 
of rags and raw fibres. In this ])eriod the nu'thod of extract- 
ing the r.aw fibre is found to improve from a rude st[imj)ing 
to maceration ; but tliat of prejKiring tliii rags remains a 
rude stamping, jind in the half-stufl thus produced from 
rags it is easy to distinguish the raw fibre from the crushed 
and broken fibre of tlie rags. 

^ “ (5) The old Eastern Turkeslaiii (Chinese) pajipr can he 
distinguTshed from the old Arab paper, not only hy therjiw 
fllires wliicli acc()iii])any the rag fibres, ]»nt also by the far- 
reaching destruction of the latter. 

“ (b) The jirevious resoarclies of Proh'-ssor Karahacek and 
the [inthor had sliown that tlie invention of mg pajier was 
not made in Eurojie by (ierinans or Itiiliiins about the turn 
of the fourb^enili century, but tliat llu‘ Arabs kntw its 
preparation as early as the end of the eiglith century. 
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“ The prc'Kent researcheH now ^^irther show that the 
beginning's of tlie preparation of rag pa})fir cwi he tmeed 
to the Chinese in the fifth or fourth, centuiies, or even 
earlier. 

“ The Chines(j method oi pn^paring rag i)aper never pro- 
{^ressed beyond its initial low stage. It was the Ariihs who, 
having J)eeii initiated into the art by the Cliinese, improved 
the method of })re})aring it, and carried it to tluit stages of 
perfection in which it was received from them by the 
civilised peoples of Knrope in the mediieval ages. 

“ (7) The author has shown that the proct^ss of sizing tlie 
paper with starch in order to improve it was already known 
to the Arabs in the eighth cimtiiry. In the fourteenth 
century the knowledge of it was lost, animal glue lu'ing 
substituted in the place of starch, till linally in the nine- 
teenth century, along with the introduction of paper 
machines, the old process was resuscitated. Hut the inven- 
tion of it was due to the Chinese. The oldest Eastern 
Turkestani paper which is sized with starch belongs to the 
eighth century. 

“ (H) The Chinese were not only the inventors of feltcal 
paper and the imitators of rag pa]>ei- tlioiigh in the pre- 
paration of the latter they niadt; use*. (d‘ rags only as a 
surrogate by the side of raw' fibres — hut they must also be 
credited with being the forerunners of the modern method 
of prepjying ‘ c(iilulose paper.’ For theii’ very ancient 
practice of extracting the fibre from the bark and other 
parts of plants by means of maceration is in principle 
identical with the modern method of extracting ‘ ctdlnlose ’ 
by nujans of certain clumiical processes.” • 

]*a}wr-malxut() in Europf\ — Tlu; introduction of the art 
into Europe seems to have taken place I'arly in the eleventh 
ceaitu#y, when the’ Moors manufactured ])aper at Toledo. 
The early authorities who have studied this subject express 
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the opinion that the ])aper prochici'd in Europe at this 
time was nuK'h^ from cotton ra^s and fj'om, raw cotton, 
])iit, in view of the riicent researcdies inj |0 the composition of 
paper, it is difticult to say how tin's idea arose, ind('ss \Ne 
accept the ex*planation offenal ])y I’roh'ssor Karabacek. In 
•standard (aicyclopa'difis the following stn.temenis ai'e inado 
as to e,\istinpj early docinm'nts prinhnl on paper made if. 
Europ(i : ~ 

A.D. 107^. Syriac manuscripts of early date in tlni British 
i\riis(‘imi. 

A.n. 110*2. A docuuMMit printed on cotton, Ixm'ii}^^ a deed 
of Kin^^ lloj^ej- of Sicily, now at Va'iina. 

A.n. 117s. A treaty of p(‘ac(! Ixdween tht' Kin<;s of 
Aragon and Spain, said to Ih' piinted on 
linen pipxa’, i»reserved at liarceloiia. 

A.n. 1223. Th(‘ “Idher Olegierum,” jainted on rough 
cotton [)ap(‘r. 

OiU! of the most inti'resling hooks on this snl)ject is the 
“ Historical Account of tln‘ Substances used to (h^scribe 
Esaaits from tli(‘ Earliest Date," by i\Iatthias lvof)ps, pub- 
lished in ISOO. This writer ai)p('ars a) have obtained most 
of his information from (b'rman authoritit'S. 

Tin; industry of paper-making jfaSM.d through Spain 
into Italy, Erance, and the Net laudands. In 1180 [)aper 
was Ix^ng manulactina'd a,t liaiiuiult, in Erance, and |he 
industry rapidly sjuaaul all over the Oontimait. In 1300 
Ulmaii Stromer establislual a mil! at Nuremberg, in (ler- 
many, employing a great number of men, who weri' obliged 
to take an oalb that tlu\v would not teach anyom* the art 
of paper-making or malo' i)aper on their own account. In 
the sixteenth ceaitury the Dutch endeavoured to proh'ct 
theft' industry by making the t'Xportation of moulds for 
t)a 2 )er-making an olleiice punishable by ileath. 
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The bulk of tlie paper used in Ihighind was imported 
from* Frajico and Holland, and it was many years before 
the industry was esfciblisbed in England. This is not sur- 



3. — Tho Papor Mill of I’lmaii Stroiiicr, a.d. l.'iOO (Mi])})<fBe(l to (>e 
tbo oldest known drawing of a 1'ajH‘r Mill). 


prising in vunv of the proteetive and eonsi'.rvative iM)licy ol 
the Contin6Atal ])ape,r-makors. 

Papcr-maJauif ni Kuijlaud . — The actual period at whicli 
the manufacture of pai)er was first started in England is 
somewhat uncertain. Tlu* first mention of any paper-nfaker 
is found in Wynkyn de Worde-'s “ De Kropriidatilnis 
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Renim,” pi*inl.(‘-d by CaxLon in 1 1!)5, thn r( 3 ftH'enc(' btinp; as 
follows : — 

And .lolni Tatt' tljf' iHolc bo brok, 

Wliicb latoludho in Eiiirl.nid, doo 
Afakr tbys (wjxt tbvniio, 

That now in our En^lys^h 
Tby^^ booko is piytifcd iniu\ 

• 

John Tale was tlu*. ownor of a mill at Stovenapjo, TTortford- 
sliini. In llu! boiisobobl book of Ibiiiry VII. an ontry for 
the year reads, “ (U'Vlmi in rewardc to Tate of the 

mylne, (bs. 8d.” 

In IbSS a [)ap('>r mill was erocb^d by 8ir dobn Spiolman, 
a (ierman, \\lio obtaim^d a licen<'(‘ from (^)neen kllizaboth 
“for the sol(‘- ^i^atherinj; for len years of all rags, etc., 
necessary for the making of pa])(*r.” This ])aper mill w’as 
('ulogis(!d !)>' Thomas (Ijurchyaid in a long poem of forty- 
four stanzas, of which we (piote two: 

1 piiiyM' tbo man tb.tt iiist did ])a|»cr make. 

Tlio only tlun,i* that sots all virtuos foitb , 

It sboos now booki's. and koojis old workos awako, 

IMii'di nun(‘ of jivioc- tbaii ail tbo w'orld is worth . 

It witnosso lioars of tiu ndsbi]), tiiri' . and tioth. 

And is tbo tiomp of M(‘o and virtuo ooOi , 

Witbouf w hoso bel]) no baj* nor wa'alth is w'on, 

And by wdioso aydo groat woiks and doodos are dono. 

Six hnndrod nion aro set. to w'orko by him 
. 'I’hat olso might starvo, or sooko al>road thoir bread, 

TVbo now livi' woll, and goe full bravo and trim, 

And who may boast tboy are with pa])Or fed. 

Strange is that foode. yet stranger madi' the same, 

For gieate".' bidp, 1 gesso, be cannot give 
'riian by liis help to make' poore folk to live. 

The industry made hut little progress for some time after 
Spielman’s death, ami uj) till IbTO the supplies of paper 
were* obtained almost entirely from P'rance. The first 
British patent for pjiper-making was granted to Charles 
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Hildeyard in for ‘‘ the way and art of iiiakinj^^ l)lue 

paper iiscjd . by sugar ])aker8 and others.” The trade 
received a great inipetns on account of the presence of 
ITiJgncnots who had fled to England from France in con- 
secpience of tlie revocation of tlie edict of IS antes in 
In 1()05 a company was formed in Scotland for th(T 
** manufacture of wliite and printing paper.” , 

Improvements in the art were slow until 17(50, wlien 
AVI Uitman, whose nanu^ has since become fanions in conm'C- 
tion with paper, commenced operations iit Alaidstone. 
Meantime tlie methods by which the rags w^erc', conviM'ted 
into paper were exceedingly slow and clumsy, so that the 
out] ait of finished paper was very small. 

Some interesting details as to the e,arly manufa,cture, of 
paper in England are given by Air. Jlhys -haikins, and from 
his account of “Early Attem])ts at .hajx'r-making in 
England, 1495 — 17H8,” the following extracts have been 
made : — 

Ahoat 

First att(‘iiij>ts at ])a])Oi -making ]>\ John Tato .at ] P'rtford. 

1 Tatfi’s i)apcr iisod by AVynk\ii do AVordo in “ 1 Ui Fr(i])]‘iotatibus 
Fornm.” 

l.k')7. A papor mill m oxi>to.no(‘ at Foiiditton, Cainbiidgo. 

Idl)!). A mill at Uommarttm, AVilts. 

1074. Mill erodied at ( Kstoib'v* Middb'sox. by Sir Thomas {Irrshani. 
mSd. Ficbard Tottyl askod for solo rigid to mako j)a])or for thirty- 
one yoars, which was not grant(‘d. 

PjSS. John Spilman orocti d a null at Hartford, Font (iiantod a 
patent for solo manufaoduro of pa]»or. 

IdSS. Churchyard's ])ooin on tlio “Papor Myll huilt near Darthford hy 
Master Spibnan." 

1812. Eohort Heyricko’s mill at Canuook Chase, Staffordshiro. 

18d<). The tflroo or four papor mills in tho noiglihourhood of Hounslow 
and Colnbrook temporarily shnt dowm on account of the plague, 
the collootion of rags having heon forhiddon. 

U)Gd. Patent granbal to Charles llildoyaid for an invention, “ tl|^i way 
and art of making hlew pap<'r used hy sugar hukors and 
others.'’ 
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About 

IHTo. A)t]U'oxima.t(‘ date of orodion of mills at Wolvt'vcoto, (►xi'ord, 
vvlioro tlio Oxford India pajaa* is now made. * • 

]()7S. Mill at Bylloot, Surrey, mentioned by I'l^olyu in bis dj^ary. 

1()S2. llladen A patent for an enji^ino and piocfss wlK-rcby ra^s are 
wroii^^lil into papm*. 

%r)84. llaysmaker A paleutfor “the art and mistery of makiiii^ paper 
in wliole slu'ots " 

hist, diff'kson - A jiatent for'‘an en«;in(‘, eithei forwind (H‘ water, wliicb 
])r('puretli all materials wlien-of ])aper may Ix' made,’' Evi- 
dently tlacdvson was acquainted with the “ Hollander” beating 
eiyijine. 

KISO. A eliarter jj^rantod to the “White J’ajiei Makers' Coinjiany ” for 
tlie soil' I'l^tl^ht of makini!^ pa]>(‘r exceedin^i:: )s. a ream in value, 
HITI. Annual im]»orta.tion of pajier, presumably from Eianci', stated to 
])e too, 000 ri'ams, of avm’aj^i' \ .ilue of .V. (Sonieis). 

ItiSO, Tiade with l’'iance ]>io’nibiteil by ro\al ]ao<'lamation. 

KiOO. hriee of very hif^h owing to scarcity, biang Us. ]iej 

ream. 

1712, Ihities levied on all kinds of paper. manufa<'tnreil or imported, 
172a. Monopoly of making paju'r for Hanl; of Ihigl.ind I'oli^s grantixl 
to lie Portal, of the Ijaverstoke mills, Ham])shir('. This i)a])ei 
IS still mad(‘ b\ th«' firm of Ab'ssi". Porlal. 

17a0. (lidbott and Parry estimated that theie wen' 000 pajx'r nulls in 
England, making (1,000 reams a day. The ( ’ommissionor of 
Excise rejtorted onl\ 27S. 

17.'5t) daiiK's Whatman erected a mill at l*o^l< \. M.udstonf', 

17aS. Ihiskorville printed an edition of Viigil on so-called “woven” 
])a})or. 

Earlji Methods . — The most ra])i(l (lovelopimmt, of tlio 
industry appears to have taken place in llollaiui. Tlie rags 
used for pajuir-making were moistened A\itli water and 
tttored lip in hea])s until they fermented and became hot. 
By this means the dirt and non-hlireus matter was rendered 
partially soluble, so that on washing a suitable ^laper pulp 
was ohtaiiH'd. The washed rags were then placed iii a 
stamping machine res(mibliug an ordinary pi'stle and 
mortar. The mortars were constructed of stone and wood, 
and the stamps were kept in motion by level s which were 
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raised by projections lixcd on the shaft of a waterwheel. 
The operjition of boating thus occupied a long period, but 
the ])aper produced«was of great strength. 

The invention of the “ Jlollander,” a simple yet inge- 
nious engine whicli is deservedly known by tfie name of the 
country in which it first originated, gave a tremeiidouft 
imi)etus to tlui art of jiaper-making, as by its incvins the 
quantity of material wdiich could he treated in twenty-four 
hours was greatly increased. Unfortunately the date of 
the invention of this inqiortant raachiiu'- has not been 
definitely traced. Tlu^ earliest mention of it seems to ocimr 
in Sturm’s “ Vollstandige I^ruhlen r)aukunst,’' juiblishedin 
1718. It was in extensive use at Saardam in 1887, so that 
the invention is at least some years previous to 1890. 

On this ])oint Koops says: “In Oelderland are a great 
many mills, but some so small that tliey ar(^ only able 
to make 100 reams of pajier annually, and there arci 
also water mills with stam])ers, like thosii in Germany. 
P)ut in the province of Holland there are windmills, with 
cutting and grinding engines, which do more in two hours 
than the others do in tw’elve. In Saardam 1,000 persons 
are employed in paper-making.” 

The First Foururtnier Paper IVIaciiine. 

Up till the year 1799 paper Avas made entirely in shiicts 
op a hand mould, hut during the last few yea];s of the 
eighteenth century a Frenchman, Nkdiolas Louis Pobert, 
manager for M. Didot, wdio owned a paper mill at 
Essones, had been experimenting for the ])urpose of malang 
paper in ihe form of a continuous sheet, and eventually 
produced some of considerable length. 

The idea was taken to England by Didot’s brother-in-law, 
Gamble, and introduced to the notice of Messrs. Fourdilnier, 
wholesale stationers, of London. 
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Tho jirsL machine was naturally a very crude allair. It 
coiiyibted oi aii endless wire cloth atretcliod in Iwrizontal 




The hhrst Taper Machine, a.d. 1hO‘ 2. Plan and ^llevation. 

position on two rollers, one oi which rotated fi-etdy in a 
hearing attached to the frame of the machine, the otliei* 
being litted in an adjustable bearing so that the wire could 
be tightened up when necessary. 
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The beaten i)ul]), contained in a vat placed below the 
wire, was thrown up in a continual stream upon the surface 
of the wire, and carried forward towards the squeezinf^ rolls. 
A sliaking motion was imparted to tlie travelling wire so as 
to cause the lihres to felt ])roperly. A grciat deal of the 
water fell thi’ough tlu^ m(‘.shes of the gauze, and further 
quantities were removed by means of the press rol/s. The 
wet i)apei‘ was tlien wound up on to a wooden i*oller, whicli 
was taken out as soon as sufficient paper had been made. 

The whole process was carried on under great difficulties, 
hut substantial improvements wc^re soon made by the 



enterprising Fourdriniers, who commenced operations in 
Bermondsey, employing Mr. Bryan Donkin, then in the 
service of Messrs, flail <fc (V>., of Dartford, who liad 
shown himself keenly interested in tlie machine. ' In 180d 
the first ‘‘ Fourdrinier,” so called, was ))uilt at Bermondsey, 
and erected at Two Waters Mill in Herefordshire. 

In this machine the mixture of pul]) and water was 
cai'i’ied foiwvaj’d between two wires, and, after passing through 
the couch rolls, transferred to an endless felt. This 
arrangement proved to ho faulty because the water did not 
escape freely enough from the wire, and a great deal of the 
pai)er was spoilt. 
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Donkin, however, hit upon a simple but clfective device 
for curing this fault In altering the rclaj,ive position of the 
two couch rolls. Instead of keeping the two rolls exactly in 
a vertical })osition one {)Yer the other, he ])laced them at a 
syp;ht an^^de so that the upper one should hear ^('utly on 
the weh of paper carried by tlie wire before reccu'ving the 
full ])ressure of the rolls, and thus remove a greater pro- 
portion of the water. Tn this way the ])aper was tinner 
and l(!ss liable to break when pressed between the couch 
rolls, an additional advantage being secured in the fact that 
the upper wdi*e could h(‘ dispensed with. 

The various improvements effected resulted in a machine 
the details of which appear in the ap[)ended diagram, the 
device of the inclined couch rolls being fitted about 1810. 

The mixture of water and pulp llowed from a stuff chest 
into a. small r(*gulating box and on to tlui wii'e over a 
sloping board. The pulp at once formed into a wet sheet 
of paper, the water falling through th(‘, mevshes of tlie wire;, 
being caught in a bucket-shaped appliance, and conveyed 
])ack to the regulating box. The stream of pulp was 
confined upon the wire by means of a deckle. Further 
quantities of w ater were removed by the aid of a pair of 
squeezing rolls before the web passed through the couch- 
rolls, after w'hich the paper was reeled u]) on a wooden 
spindle. 

From th*is date the success of the machine was assured, 
though the inventor and his colleagues were practically 
ruined, an experience only too common with the early 
pioneers of many great and useful industrial entt^’prises. 
In fact, the firm of Messrs. Donkin W(ire the only ])eople to 
profit from the inveniion, for they manufactured a number 
of machines, as stated in the report of the rfurors of the 
Exhibition of ISol, and from 18011 to 1851 no less than 190 
P’ourdriniers were set to w«rk. 
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CELTiFLOSE AND FAI’Ell-MAKINF FTIUIES 

When plants such as flax, cotton, Hi^a^^, iKiinp, and otln^r 
varieties of the vegetal)le kingdon) are digested ^vith a 
solution of caustic soda, washed, and then bleached l>y 
means of chloride of lime, a fibrous mass is obtained niort^ 
or less white in colour. 

This is the substance known to ])a])er*makers as pa])er 
pulp, and the several modilications of it derivcnl from 
different plants are generally known to chemists as 
cellulose. 

Although plants differ gn^atly in physical strmdure and 
general appearance, yet they all contain iissiu^ which under 
suitable treatment yields a definite pro])orti()n of thislihrous 
substance. The preparation of a small (pnmtity of collulosc; 
from materials like straw, ro])e, hemp, the stringy hark of 
garden shrubs, wood, and bamboo can easily he accomplished 
without s})ecial appliances. Boft materials, smdi as sti aw 
. and hemp, are cut uj) into short pieces, hard substances like 
wood and bamboo are thoroughly ha.mm(U’ed out, in order 
to secure a fine subdivision of the mass. The fibre so ])ro- 
pared is then placed in a small iron saucepan, and covered 
with a 'solution made up of ten parts of caustic soda and 
100 parts of water. The material is boiled gently for eight 
or ten hours, the water which is lost through evaporation 
of steam being replaced by fresh quantities of hot water at 
regular intervals. When the fibrous mass breaks up readily 
the fingers, it is poured^inio a sieve, or on a piece 
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of uiiislin stro-lclied over a basin, and washed completely 
with liot water until clean and free from alkali. Hard 
pi(‘ces and portions which seem incoi^iplctely ])oilcd are 
rcunoved, aial tlui residual lihres se})arated out. * These 
lihres are ])la.ced in a weak, clear solution of ordinary 
bleaching powder, left for several hours, and subsequently 
thorou.i^hly washed. This simple process will ^dve a more or 
less white fibrous material. 

The ])urest form of cellulose is cotton. A very sligl)! 
alkaline treatment, followed by bleaching, is suliicicmt to 
r(anove the non-librous constituents of the ])lant, and a 
large yield of cellulose is obtained, k’or this reason the 
cotton fibre ranks high as an almost ideal nuiterial for 
})aper-iuaking, ])ossessing tin; (piality of durability. 

Cellulose is an organic compound, containing carl)on, 
hydrogen, and ox\gen in the following proportions: ~ 


(kirbon 

44-2 

Hydrogen . 

b-B 

Oxygen 

4!b5 


100-0 


Its composition is represented by the formula Co llio O^. 

The celluloses obtained from various ])lants are not 
identical either in physical structure and chemical constitu- 
tion, or as to their Indiaviour when em])loyed for paper- 
making. 1 n f ac t, the wel 1 - k n oav n d i Ifereii ces bet ween t he raw 
materials used for paptu'- making, and also between the 
numerous varietic's of finished ])a])er, are to )>e largel}- 
accounted for and explained by a candul sturdy of tluf 
celiulos(i group, particularly with nderence to the microscopic 
chaj acteristics apd Lhechemical composition of the individual 
spi^cies. 

The only vegetable substance which may be regarded as 



22 


THE MANITFACTUEE OF PAPER 


a simple cellulose is cotton, all others btiinf^ comjiound 
celliilost\s of varying constitution, the naturi^ of which 
cannot be ai)preciat(‘(l without a considerable knowhidge of 
chcunistry. The classili cation of such plants, tluu’efore, in 
a hook of this description must be limited' to certain dis- 
tinctions having some immediate practical hearing on the 
question of paper manufacture. 

Cofton . — Hegarded as the typical simple ct.'lhilose, contain- 
ing 91 per cent, of cellulose, and remarkabk; for its resistance 
to the action of caustic soda. 

Linen , — The cellulose*, isolated from flax by treatment 
with alkali or caustic soda cannot readily be distinguished 
from cotton cellulose by chemical analysis or reactions. 
The dilference is almost entm‘ly a physical oiu*. 

Flax is a typical comjiound celluloses, to \Nhich has been 
given the name pecto-cellulose on account of cc'rtain pro- 
perties. Other well-known plants of this class are ramie,, 
aloe, “ smm luiinp,” manila. 

Kaj^ario . — The cellulose isolated frou) esparto dillers in 
composition from cotton cellulose : — 


Carbon 

11*0 

Hydrogen . 

r>’H 

Oxygen . 

r>;T2 


100*0 


It is regarded as an oxycellulose, being readily oxidise d 
by ex])osur(! to air at lOO ' C. Other oxycelluloses familiar 
to the paper-maker are straw, sugarcane, bamboo. 

Wood . — The difference bcdwecui wood and the plants 
already mentioned is exi)ressed by the term lignified 
fibre or ligno-cellulose. This term is used to indicate that 
the wood is a compound cellulose containing non-librous 
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constituBiitH, to which lias been f^iven 11 ic namo li^^nonc. 
Jute is another example of this class. 

These distinctions may he exemplitied hy reference to a 
sim])le experifiient. If three papers, such as a ])ure rag 
tissue or a limm writing, an ordinary esparto })rinting, and a 
(dieap ii^wspa|)er containing about 80 pei- cent, of mechanical 
wood, are healed for twenty-four liours in an oven at a 
temperature of 105*^ C., the first will undergo little, if any, 
change in colour, while the others will, he appreciably 
discoloured, the mechanical wood pulp ])aper most of all. 

This change is duo to tlu*. gra.daal oxidation of the con- 
stituents of the pap(‘r, th(‘ ligno-celluloscj of th(‘. nujchanical 
wood pulp being most readily aflected by th(^ high tempera- 
tur(‘, and the pure cellulose of the ra-g paper Ixung least 
alt(U’(id. 

The proc(^ss of oxidation, brought about rapidly under the 
conditions of th(^ (‘xperiment described, takes place in papiirs 
of low (piality exposed to air in th(‘. ordinary circumstances 
of daily us(‘,, but of course at an (‘xtnamdy slow rate. The 
detei ioration of such pap(u- is not, howeviu-, due to the simple 
oxidation of cellulose coinpound>, because, other factors 
hav(i to be taken into account. The presence*, of impurities 
in the paper on the one hand, and of cluuiiical vapours in 
tlu‘ air on the otluu’, hastens th(\ dt'cay of papers' very 
considei;^ibly. 

lUireuUufv o/ (^cUnlose i)i Fihroua Plants . value of 
a vegetable plant for paj)er-ma,king is first determined by a 
close examination of tluj physical structure of the cellulose 
isolated by the ordinary nuithods of treatmei^t. If the 
fibres are w(^ak and short, the raw material is of little 
value, and it is ai once condemned without further inves- 
tigation, but should the fibre prove suitable, then the 
question of the percentage of cellulose becomes important. 
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There ure sevei'al ujeiliods enijdoyed for estinuitiiig the 
{imount of cellulose in plants. The ])rocess ^hvin^ a 
inaxiraum yield is^known as the cldorination method, the 
details which arc as follows : — About ten gramnu's of the 
air-dried lihro is dried at 100" C. in a, watci* oven foi- the 
determination of moisture. A second ten grammes of tlui 
air-di-ied iihro is }>oiled for tliirty minutes with a v eak solution 
of pure caustic soda (ten grammes of caustic soda in 1,000 
cubic centimetres of water), small quantities of distilled 
water being added at fre(|uent intervals to riiphua^ water 
lost by evaporation. The residue is then poured on to a 
[)i(!ce of small wire gauzt;, washed thoroughly, and squeezed 
out. d’he moist mass of fibre is looseiu'd and teascnl out, 
placed in a Ixsiker, and submitted to the action of chlorint 
gas for an hour. TIh^ bright yellow mass is then v ashed 
with water and immersed in a solution of sodium sul]diite 
(twenty grammes of sodium buli)hite in 1,000 cc. of 
water). The mixture is slowly heahid, and Hnall\ boiled 
for eight to ten minuh^s, with tlui addition of 10 cc. 
of caustic soda solution. The residue is waslual, immei s(Hl 
in dilute sodium hypochlorite solution for ten minutes, 
again washed, first with water containing a little sulphurous, 
acid and then with pure distilled water. It is liiially di‘ie<l 
and weiglu'd. 

The second process for estimating cadlulose is based upon 
the use of bromine and ammonia. About ten grammes of the 
air-dried fibre is ])laced in a vell-stoj)pered wide-mouthe.d 
hottl(‘. with suflicient bromine, water to cover it. As the 
reaction proc(;eds the red solution gradually decolourises, 
and furt\ier small additions of bromine are lUicessary. The 
mass is then wasluxl, and boiled in a tiask ecinm'.ct.ed to a 
condenser witii a strong solution of ammonia for about 
three to four liours. The fibrous residue is waslied, again 
treated with bromine water in the cold, and subsequently 
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boiled with ammonia. The alternative treatment with 
bj’omine and ammonia is repeated until a white fibrous 
mass is obtaiiu'd. 

1n practice the ])aper-maker is eonlined to two of three 
methods for tlu^ isolation of the fibres, viz., alKaliiui pro- 
eess(is, wbudi recpiirb the di^c'stion of the nintei’ia,! \\ith 
caustic soda, lime, lime and earboiiate of soda, (diiefiy 
ap])lied to the boilin}^ of ra^^s, esparto, and similar pecto- 
celluloses ; acid processcis, in \^hich the material is dij^t'sted 
with sulphurous acid and sul])bites. Tlui^lattea- nu'thods 
ari' at i)r('sent almost exclusively used for tin; pi'epaiation 
of chemical wood ])ulp. 

) o7d.s‘ iif CrlhdoHr in the Pitjn'r Mill. The obj('X't of the 
paper-malou’ is to obtain a maximum yiiild of cellulose 
residue at a mininium of cost. Tsually the amount of 
actual bleached i)aper pulp obtained in (lui mill is less than 
th(^ pcirceiita^c- obtained by careful quauititative analysis, 
for H'.asoJis ea,hily understood. 

In tlui first ])lace. the rawmab'rial is digesb'd f(,ra stated 
])eriod with a carefully measured quantity of ca,ustic soda, 
for example, at a certain bmiperatuve. Now tlu^ conditions 
of boilin^^ may be varied by altering]; ^-''e or mor(‘ of these 
factors, the i)eriod of boilin^^ lh(5 stnuij.fth oT solution, or 
the stvam pressure, and the pap(‘r-mak(!r must exercise his 
jud^immt in i\\u\<y the exact relation betw'een the varying:; 
factors so, as to produce the Ix'st results. 

In the second place, the mechanical devices tor washing 
the boibul pulp and for bleaching caus(‘, slight lossiis of 
fibre, which cannot be altogether avoided when operations 
are conducted on a large scale. Frequently, also, grc'.ater 
yield of boiled material may involve a larg(‘.r (puintity of 
bleaching t)owder, so that it is evident tlu'. adjustment of 
practical co)iditions requires considerable technical skill and 
experience. 
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The percentage of cellulose in the vegetable plants 
employed more or less in the manufacture of paper is given 
in the following table : — 

Table showing Peh(;ent\(;e of Pellflose in Piuroits Plants. 


Fihir 

1 e<l‘llnl(ISI*, JM'I CIMll. 

(N atoll 

j !)l-0 

Flax 

! .S2 0 

Jloiuj) 

1 77-0 

lfnini<‘ 

i 7G'() 

^hiinlu 

1 GFO 

Jiito 

! ()!•() 

AVood (pine) 

o7'U 

J )!igas.s(‘ 

oO (1 

1 tail 1 1)00 

i 4s*e 

Esparto 

I -!M()P> 

Straw 

! IS to 10 


Thr Pri)])erti<*H of Crlhilofie. — Ccdlnlosi! is reniarkahly 
inert towards all ordinary solvents such as watiu-, alcoholj 
turpentiiui, benzene, and similar reagents, a i)rop(‘.rty which 
render's it extremely useful in many industi’h's, with tin 
result that tlu^ industrial a()plications of cellulose arc 
numerous a,nd ('.xcecHlingly varied. 

SolnbiJifif . — Cellulose is dissolved when brought into con- 
tact with certain metallic salts, but it behaves (]uit(‘ dilfe- 
rently to ordinary organic compounds. Sugar, foj- example, 
is a crystalline body soluble in water, and can he recovma'd 
in a crystalline state by gra.dual evaporation of tlu‘, watca*. 
Cellulose under suitable conditions can he dissolved, but it 
cannot l/tJ reproduced in structural form identical with the 
original substance. 

If cellulose is gently lujated in a strong aqueous solution 
of zinc chloride, it gradually dissolves, a thick syrupy mass 
being obtained, which consists of a gelatinous solution of 
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cellulose. If the mixiuri! is diluted with cold wahn', s, ^ire- 
cipitate isproducc'd cousistiu" of cellulose hydrate intinuitely 
associatiid with oxide of zinc, which latter can be clissolv(ul 
out hy means of hydrochloric acid. The resulting {)roduct 
is not, however, the original suhstanco, but a hydrated 
cellulose, devoid of any crystalline structuri'.. 

C(dhilos(i is also solulde in aninioniacal solutions of cupric 
oxid(\ from which it ca,n Ix' precipitated hy acids or hy 
suhstanci‘s which act as d(hydrating agents, c.//., alcohol. 

llydroliiaifi . — An explanation of th(‘. hohavjoiir of cellulos(i 
towards the solvents alnuuly mentioned, and towards 
acid and alkali, re(|uires a reference to its chemical 
composition. 

The substance* is a coni])ound of carbon, hydrogen, and 
oxygen i’e])res{!nted hy tlu‘, formula 
flio Of) 

Ix'ing one of a class of organic com])ounds known as carbo- 
hydrates, so desig]ia,t(',d because* the hydrog(;n and oxygon 
are present in tlu; ])roi)Oi*tions which exist in water. 

Water = Hydrogen + Oxygen 

Ih + 0. 

Th(^ ilio Or. hi the cellulose formula corresponds to 
T) (Ih 0). 

When cellulose is a.ct(;d uj)on by acid, alkali, and certain 
uK'tallic salts, it enters into combination with one or more 
])ro])orti(?ns of water, forming c(!llulose hydrates of varying 
complexity. This change is usually termed hydrolysis. 

With mineral acids like sulphuric and hydrochloric acids, 
ct'.llulose, if hoihal in waaik solutions, is converted into a 
non-fihrous brittle substance having the composition 
Ci2 H2() OlO 2 II 2 0 

to which the name Jnjdra-ceUulosc has been given. Similar 
changes occur, but at a much slower rate, when cellulose is 
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in coiitacL witli fre(' acids at ordinary k^nijx'ratnn'.s. For this 
roa,son it is iniporiant that ])a|)er, \^hcti hnished, slionld iiot 
1)0 contauiinat(‘d wijLh frcx) acid. 

The 'nature and extent of tlu^ cluiniical change can he. 
vari(K] ]>y altering tlie strengtli of Hie acid and tlu^ con- 
ditions of iL'oatnient. The manufacture of jHirrlinirnf pajier 
is an e\ani[)le of the practical utihly of the clieinical reaction 
hehv(‘en cellulose and acid. A sheet of papier is (li]>])('d into 
a mixture of three ])arts of stron;i[ sulphuric acid and one 
part of water, wjien it IxH'.omes transpariuit. Ijeft in the 
solution it dissolves, hut if taken out and dijiped into wahr 
in ord('r to wash off the acid tlu^ redaction is stoppl'd, and a 
tou^h senii-ti'ansparent piece of pure// ao')// is ohta, ini', d. The 
cellulose is more or li'.ss hydrated, having the comt)osition 
Cl-i 11 ‘20 Oio ilo 0, 
a suhstance having the name amffhnd, 

( h‘i(hiif(tn . — Cellulose is only oxidised to any ap])i eciahle 
extent hy acid and alkali if treated under severe condi- 
tions. Jt is reniarkahle that the ])rocesses necessary for 
isolating' ])a,t)er i)ulp from plants will'll digested with these 
chemical reagents do not act upon or destroy the lihi-e, and 
this ca])acity for resisting oxidation has rendered cellu- 
lose extremely valuahle to many of the most iiiqxirtant 
industries. 

The resistant power of the cellulose is, however, 
broken down hy the use of acid and alkali in comlentrateii 
form. 

Oxalic and acetic acids are obtained when cellulose is 
heated strongly at ‘250' C. with solid caustic soda. 

Oxy-cel1ulose,a white friable ])owder, is jiroduced hy means 
of strong mineral acids. Xitric acid at 100 C. attacks the 
fibre very readily and produces about ffO — 40 per cent, of 
the oxidised cellulose. 
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( ■ K IJ.ULOS K DeIU VATI VKS. 

Tho niiinixjr of (U)iHj)outK]s iiiul dorivjilivaR, ij\, 

^iubsliiiicos o}>taiiio(l 1)Y olieitiiojil trejiiiiioni, )iiuy Ixi 
from iljo followin'^ list. Tlio sn))sf{iii(‘(!S of oomiiK^rcial 
impui‘(.ai](‘(‘ firo Buitahly distin^^oiislied from 11 jos(^ of moroly 
Bcioidific intoresi by llu^ printing; of tlio iiaiot's in small 
capilals. 

Acktk' Acin. — All important commercial product olitained 
by tlie d(‘structivi* distillation of wood. Th(^ cnub; 
pyroli, 9 ,'n(‘ous acid is first n(Uitra.lised with chalk or 
lime, and tin, calcium acetab; formed then distilled 
with sulphuric acid. Wood yields 5 to 10 per cent, 
of its wci^dit of acetic acid according to tlie natun' 
ot the wood. 

AeuTONF. — A solvent for resins, gums, camphor, gun cotton, 
and other cellulose products. Pri'pared by -distilling 
barium or calcium acetate in iron stills, I, he acetate 
iH'iiig obtained from the crude acetic acid produced by 
the dry distillation of wood. 

A<u(l ( V^/a/().sr.~(See llydral-(’elhilose.) 

A(li])()-('rlln}<KH(>.- -A distinct comjiound cellulose present in 
the comph^x. culicular tissue of i»lants, and separated 
easily by suitable solvents from the wax and oily 
constituents also present. 

At. KALI Ci-M.LLLosE.— When cotton pul]) is intimately mixed 
with rdrong caustic soda solution, this com])Ouiid is 
formed. It is utilised in the manufaidure ol* Vinrosc. 
AmiflouL — Stron<: sulphuric acid acts u])on cellulose and 
converts it into a gelatinous semi-traiispa,reiit substance 
to which the name amyloid has been given. (See 
Ptirchment Paper.) 
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Balltrtite. — A smokeless powder composed of nearly equal 
pari;S of iiitro-glycerine and iiitra.ted cellulose, with a 
small quantity of dipheiiylamine. 

Carhohifdrate . — A large number of important commercial 
products, such as cellulose, sugars, starches, and gums, 
consist of the elements carbon, hydrogen, and oxygen, 
associated in varying proportions. Tlie ratio of 
hydrogen to oxygen in these compounds is always 2 : 1 
(H, and 0). 

Cellulose CfillioOr,. 

Sugar CGHi2()f.. 

Dextrin v (Cr, HioOr,)* 

To all these substances the term carbohydrate is 
applied. 

Cellox'w (Tollens). — A substance having the stated com- 
position ChIIgOg considered to be pi-esent in oxidised 
derivatives of cellulose;. 

Celluloij), — This w’ell-known material is made by incor- 
porating camphor with nitro-cellulose, a plastic ivory- 
like substance being produced. In ])ractice the process 
is as follows : — Wood pulp or wood pulp paper is 
saturated with a mixture of sulpliuric acid (five parts) 
and nitric acid (two parts), which produces nitrated 
cellulose. The product is washed, gi’ound, and mixed 
with camphor, the mastication being effected bV heavy 
iron rollers. The mass thickens and can b(; removed 
in the form of thick sheets. These sheets are submitted 
to great pressure between steam -heated jdates. Tin; 
cake Obtained is cut into sheets of any d(;Hired thick- 
ness, seasoned by prolonged storage, and afterwards 
worked up into boxes, combs, brusli-backs, and many 
other domestic articles of a useful and ornamental 
character. 
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CellflosI'] A('et\te (Cross). — If cellulose is heated with 
acetic anhydride at 180“ C., viscous solutions, of the 
acetah's ai’e obtained. The pr()C(‘,ss 5^i(dding a dehnite 
acetate of conniiercial value is based upon the followiiif; 
reaction: — 100 parts of cellulose prei)ared from the 
sulpho-carhonate are mixed with 120 parts of zinc 
acetate, heated and dried at 105“ C. Acetic anhydridt; 
is added in small quantity, and 100 paits of acetyl 
chloride. At a teinjua-ature of 50“ C-. the mixture 
h(!C()ines liquid, and cellulose acetate is subsequently 
obtained as a white powder. 

Tlie compound can be used in the place of cellulose 
nitrate, and, hein^ non-explosive, may gradually replace 
the lath'.r in many industrial applications. 

CcUidme-IU'Acoale . — When alkali cellulose is heated with 
benzoyl chloride and excess of caustic soda, this 
suhsiaiice is obtained. 

('rlJidoHe /////Z/Y/Zc.— The substances produced by the action 
of acid and alkali on cellulose under certain strictly 
d(tined conditions are bodies containing cellulose 
united with water to form hydra, t(‘s. The industrial 
applications of cellulose based upon tliis reaction are 
described under the special headings. 

CKTiLunosK Ni ttiate. — A considerable number of derivatives 
are obtained by bringing cellulose into contact with nitric 
acid..*\'ariatioiis in the strength of the acid, the tempera- 
ture of reaction, and the time of contact dideiiniiie the 
natur(‘ of the jnoduct. The best known nitrates are :~ 

Cellulose di-nitrate. 

C(!llulos(3 tri-nitrate and tetra-nitrate, presiuft chiefly 
in pyroxyllne. 

Cellulose penta-nitrate. 

Cellulose hexa-iiitrate, the chief constituent of gun- 
cottoti. 
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CiiARcoAL.—Not a cellulose clerivativci in the strict senses of 
the tej'in, charcoal iKsing a residue obtaiiKul in the dry 
distillation of wood. 

CoLLonioN.'-'A soluble nitrate of cellulose used in photo- 
pfraphy. (Se(i J‘yroxyline.) 

donniTF*:.- - A smokeless powder coiisistin^^ mainly of nitro- 
gl\C('rine and ^un-cotton mix<‘d with aceto'U^. T1h‘, 
mat(‘rials are. thoroupthly incorporated and the J'esultaiit 
paste foniK'd into thriiads which a, re dyt3d and then cut 
up into suitable hmgths for cartridges. 

< 'uio-Cdhdo.^r . — Synonymous with adi])o-C(dlulos(‘. 

Ih'.rIniH . — A compound prepared from tlu' wast(3 liquors of 
the l)isul])hite process used for tlui maiiufacturc' of wood 
pulp, liesemhles dextrin in its physical ])ro])erties. 

DnxTuosK. — A carbohydrate which can he ohtaim^d by tlu' 
action of mineral acids on cellulose. Comnua’cial 
dextrose, or glucose, is pre.pan'.d by the (onversion of 
starch with sulpluiric acid, ddie starch is mixed with 
dilutee acid at a lixisd tein]>(n-ature, and the starch milk 
obtained poured gra.dually into a vessel containing 
dilute acid, which is maintained at boiling ])oint. The 
coTivtu'sion is complete and rapid. 

hlxei/OSivES. — Theia'oduction of the several ccjllulose nitrates 
has given rise to a great number of highly explosive 
substances. 

lilaHtiiKi Gelatine , — A mixture of nitro-glytverine with 
cellulose nitrates. 

Aviherite, Ifalhatite, Cordite, and other smokeless 
powders, consisting of nitro-glycerine and cellulose 
nitrates in about equal proportions. 

Sportiuff poirdem made by mixing nitro-cellulose with 
barium nitrate, camphor iiitro-betizeiie, such as indiirite, 
plastonieiiite, etc. 

Glucose. -(See Dextrose.) 
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Gun-cotton.— A ll explosive pTe])ared by tlio action of 
niti’ic acid on cotton. SelecU'd cotton watjte suitably 
opened up is iiniiKU'sed in a niixtui^ of tbree parts of 
nitric acid by weij^bt (1*50 sp. ^n*.) and one part of 
sulphuric acid by weight (1*H5 s]). gr.) and submitted 
to a number of iiroci'sses by which the nitration is 
properly effected so as to produce a nitro-cellulose of 
uniform conijiosition. The material is waslujd, reduced 
to pulp, and moulded into various forms. 
llcmi-Ccllnlnsr . — The constitiumts of plant tissues are 
extremely varii^d in character. IMany ]>lants contain 
substances which resemble true cellulose-, but differing 
from it in being easily converte-d by hydrolysis, and by 
the action of dilute acids, into carbohydrates. Plants 
which contain a large projioi tion of such constituents 
are termed hemi-cellnlosc's. In some cases C(U’tain 
crysiallisable sugars can be obtained by hydrolysis 
under suitable conditions. 

— A compound of merely scientific 
interest, resulting from the treatment of cellulose with 
hydrogen ])eroxide. Whrn acted upon by alkali it is 
decompostul into cndlulose and acid ct ilulos(‘., the latter 
a derivative of unstahle cnni])osition. 
lljfdin-Ci'JlidoHr.-- ])roduct, a vhite, non-structureless, 
friabhi powder, is obtained by treating cellulose with 
hydijDchloric or sulphuric acid of moderate stnuigth. 
'Fhe suhstance itself has no commercial value, but the 
re-action is useful in sei)arating cotton from animal 
fabrics. If a woollen cloth containing cotton is soaked 
in dilute sulphin ic acid, washed, and dried at -a gentle 
heat, the cotton is acted upon, and can be beaten out 
of the fabric, the wool resisting the acid treatment. 
Liffuin . — The complex mixture of substances which is 
associated with cellulose in wood, jute, and other 
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lilpio-rrUidoxai. Tlio coTiversioii of ^voocl into chemical 
pulp eiVccis the removal of this material more or less 
completely. The welUhiunvn “ phlorogliiciiie ” test 
for mechanical wood in papers is based ii])on the 
])reseiJco of lifimu in the wood. 

lji(j)\o-CvUuh)M . — Wood and jute are typical bodies con- 
sistiiifT of celinlose and com])lex non-cellulose, ^^ene- 
rally described as lignin, associated together in tluj 
plant tissue. The chemistry of the noii-cellulos(5 
portion of wood is a matter still under investigation, 
its importance from a commercial point of view being 
obvious from the hict that the removal of the 
during the conversion of the wood into wood-celluloses 
results ill a loss of 50 per cent, of the weight of wood. 

/a/,s/m-(V/////o,sv.— Synonymous with and suggested as a 
more a])])r()priate name for the material usually 
described as (irli/irial silh. 

MKiiCEmsen Cotton. — When cotton is immersed in strong 
solutions of caustic soda a remarkable change sets in. 
^Jdie physical structure of tlui fibre is entirely altered 
from the long flattened tube having a large C(mtral 
canal to a slioi’ter cylindrical tube in which the canal 
almost disapi)ears. Hydration of the cellulose takes 
place, and these changes are taken advantage of in the 
production of mercerised cloth (so named from the 
discoverer of the reaction, Mercer). Cotton goods, 
particularly those made of long stapled cotton, when 
mercerised, exhibit a beautiful lustre, and some 
magnifleent crepon eflects are obtained by the process. 

MclhoxVfJ . — A constituent of the complex compound known 
as ligno-cellulose, which is present in wood and similar 
fibres. The amount of methoxyl in lignified tissue can 
be accurately determined, and it has been suggested 
that the proportion of methoxyl found in a cheap 
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paper could Bo used as a measure of 
mo(*liauical wood pulp present. • • 

^fui‘<)-C('lInlosc . — This term is applied to^eeriain compound 
celluloses ]>resent chielly in mucilages, gums, and in 
seaweeds (Alga^). The natural suhsiances are all of 
commercial importance — Iceland moss, Carragheen, 
Algin, etc. 

NAPirniA. One of the products of the dry distillation of 
^^ood, usually described as wood-naphtha, or wood 
s])irit. • 

Nituo-Cellulose. — The treatment of cellulose with nitric 
acid gives a number of nitro-celluloses according to the 
conditions of the process. (See Cellulose Nitrates.) 

Oxalic Acid.— A substance of great commercial importance 
j)rcparGd by heating tin; sawdust of soft wood, such as 
pine, hr, and jioplar, with strong solutions of mixed 
caustic soda and potasli to dryness. The wood yields 
after six hours a greyish mass containing about 20 per 
cent, of the acid, which is se])arated out by water and 
then crystallised. 

It is used for bleaching, and as a (b'.s(7/ur//c in calico 
})rinting and dyeing. 

O.rif-CdhdoHi '. — A white friable powder produced by treating 
cellulose witli nitric acid at 100 C. The oxidation of 
cellulose is brought about by si^veral rt'agents such as 
chiojnic acid, }iy})ochlorites of lime and soda, chlorine, 
and permanganates. The extent to which cloth has 
been damaged by overldeaching may be determined by 
a simple test with methylene blue solution, which is 
readily absorbed by oxy-cellulose present tn such 
fabrics. 

Parchment. — A tough paper prepared by the action of 
sulphuric acid on unsized paper. (See page 187.) 

Pectins ^ — (See Pecto-Cellulose.) 

d2 
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Pccto-Crllul(m\ — A p;eneric term ai)plieclto many important 
Rbvous; materials, such as flax, straw, esparto, ])aml)oo, 
phormium, ramie, Ac., which on alkaline treatment 
yield cellulose for paper-makinpi, and a non-fihroiis 
soluble residue of complex composition. Tliese soluble 
derivatives are known as pectin (('.52 Hjh O32), pectic 
acid (C:vi II 41 0;in), and metapectic acid (Cua HyH Ojm;). 
Altbouf^h the soluble constituents of the pecto-cellu- 
loses amount to CA) per cent, by weight in most cases, 
no proce^^^ for the recovery of the product in a 
commercial form has yet been devised. (See descrip- 
tion of Soda recovery, page 7 H.) 

Pykoxylinu. — A substance ])repared by nitrating cotton. 
The cotton is immersed in a mixture of nitric and 
sulphuric acids of carefully regulated strength, and 
su])se(iu(mtly washed free of the aci<b Three volumes 
of nitric acid (sp. gr. 1*429) are diluted ^^ith two 
volumes of water and nine volunu^s of strong sulidiiiric 
acid (sp. gr, 1*839) added. To the solution wlu'n cool 
the cotton is added in small (piantities at a, time. The 
resultant pyroxyline is soluble in a mixture of epual 
quantities of alcohol and ether, and in the soluble form 
is utilised as coJhxUi)}! for photography. 

Silk, Artificial. — remarkable substance made fiom 
wood or cotton cellulose, cdosely resembling silk in 
appearance and physical properties. 

Nitrated cellul(W>. is dissolved in a mixture of equal 
parts of alcohol and ether. 

The solution is forced through five capillary tubes 
under high pressure, and the filament so obtained 
solidifying at once is wound together with other 
similar filaments u])on suitable bobbins. Various 
modifications of this general process are in use, such 
as the solidification of the solution into threads by 
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passing it into water ; the application of solvents loss 
intlannnable than ether and alcohol ; tlic nSe ©f other 
forms of dissolved cellulose such as •those ])repju*ed hy 
means of zinc chloride, ammoniacal co])per oxidi^ or 
acetic anhyilride. In all cases the yarn or thread 
is submitted to further chemical tn^atiiumt for the 
removal of nitric acid and to render tlu* material non- 
explosive and l(;ss inllammahh'. 'riu* linished product 
is soft and supple, can he easily hleacluid and dytsd, and 
is capahh.' of acquiring a high lustre. 

Smokkless Uowdehs. — (See Explosives.) 

Sulpho-Carhouate, — (See Viscose.) 

SuLiuiATE Celli'Lose.— ciu'inical wood pulp prepared by 
the sulphate process. (See ])ag(^ 107.) 

SuLimiTE Cellulose. — Chemical voud pulp pr(‘])ared hy 
the sulphite process. (See page 107.) 

Viscose. — A soluble sulpho-carhonate of cellulose, prepared 
by treating cellulose with a 15 per C(5nt. solution of 
caustic soda, and shaking the product with carbon 
bisulphide in a closed vessel. The mixture forms a 
yellowish mass soluble in water, giving a viscous 
solution wliich has some remarkahie and valuable 
properties. 

This riscosi', on standing, coagulates to a hard mass 
whic}^ can he turned and polished. 

If spnuid on glass and coagulated hy heat, lilms are 
obtained from which the alkaline ])y-i)roducts can he 
washed out. Th(‘se films are transparent, colourless, 
very tough and hard. ^ 

Vulcanised Fiijre. — Fibre or pulp treated with zinc 
chloride in acid solution, or otherwise, for the 
manufacture of hard hoards. (See page IBB.) 

VVxLLESDEN CooDS. — Paper, fibre, and textiles \\hen treated 



38 


THE MANUFACTURE OF •?A1>ER 


with cupnimmonium oxide are partially gelatinised on 
the SLirface and rendered waterproof. (See page 
Wood Spiri{,--{^e(i Naiditha.) 

Xylonite . — (See Celluloid.) 

Fiiuins FOR Paper-making. 

Although the vegetable world has ht^en explored from 
time to time for new supplies of cellulose, and sonui plants 
have been found serviceable in certain dirc^ctions, yet the 
number of fibres in actual use is very limited. 

The following tabbs indicates the principal sources of the 
material re(iuired for paper-making : — 


Ij'ibio. Somce of the Kibic. 


Apiilication ot tlii> Fibii'. 


liinen 

Bags, textile waste. 

(Jottoii 

Rags, textile waste. 

Esparto . 
Straw 

Wood , 

Natural grass. 

Straw' from various 
cereals— wheat, bar- 
ley, oats, etc. 

Mechanically ground 

wood. 

Flax 

Hemp 

Jute 

Bamboo 

( Ihem ically prepared 

1 wov>d. 

i Threads, waste from 
spinning mills. 

S})inning refuse, old 
' rope, sailcloth, etc. 
i Waste, old gunny bags. 

1 Natural stems. 

# 

Ramie 

Bagasse . 

1 Bast fibres of the plant ; 
textile refuse. 
Sugar-cane refuse. 

1 

Manila 
Hemp j 

1 

Textile and rope refuse. 


I’lass ■writings and print- 
ings. 

High class writings and print 
ings. 

Writings and jn intings. 
rrintings,l»ox and card boards, 


Ch(!a}) pa])crs, boxboards, 
iniddlo.s, tickids and raids, 
wiitings and })rintings. 

Writings and printings. 

Wrajipings, boards, cable 

pUJKJl’S. 

Wrappings, boards, cable 
])apers, strong writings. 

Wiai>})ings, boxboard, (;ards. 

Writings and printings (not in 
J'luropo, and only limited 
quantities elsewhere). 

Rarely used, exce])t in special 
(;ase.s. 

Common papers (childly ex- 
perimental results). 

Wrappings, cable papers. 
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Exploiting New Ethres . — The exploitation of any now 
pa])er-ina]diig tibre requires attention to certain imi)ortant 
<letails, ^vhic}l may be fairly considered in the following 
order : — 

(1) Sappfi/.—The supply of material must be ])lentiful 
and obtainable in large quantities. Too often this question 
is entirely neglected by those who bring now fibres to tlu^ 
n(‘tice of j)aper-niakers, probably because they do not 
realise that enormous ([uantities of material are necessary 
to supply even a very small section of the pa])er trade, tli(‘ 
fact being that few plants yield more than half their weight 
of paper-malving libre. 

(2) SnitohiJiti/.— 'l^lio fibre should be properly examined 
as to its chemical and idiysical proiierties in a laboratoiy 
equipped with aiipliances for its conversion into bleached 
paper pulp on a small scale. The ( "cami nation of the fibre 
would include tests as to the amount of pulp which can be 
obtained from one ton of raw material, the ajiproximate 
cost of treatment, and details as to the value of the fibre for 
paper-making. 

(8) (’o.s/ of Jlaw Mateiittl,-'\i the supi>ly of material 
seems to be suflicient, and the paper pulp 'tbiaim^d possesses 
suitable qualities, then it is necessary to get accurate infor- 
mation as to the cost of the fibre delivered to some given 
spot at or near the place of collection. 

The e^doitation of any new fibre for paper-making pur- 
poses will involve a recognition of the fact that the raw 
material must be converted into pulp at or near the place 
where the material is most abundant. 

The only interesting exception to this is the* case of 
esparto fibre, whi<di is imported into England in large 
amount, but this is only possible because esparto possesses 
most valuable paper-making qualities, and is obtained in 
countries close to England, where large quantities are 
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coDBuiiied. It is (.lou))tl*ul whether otlier lihves could ho 
utilised in the saino way. 

(4) The Cost oft Manufacture at or near the place of 
collection re(piires to he carefully worked out, du(; con- 
sideration being given to the actual cost of chemicals on the 
spot, cost of labour, and the conditions under which the 
maintenance of machinery can he (dliciently lookc'd after. 

(0) Carrhufc and Frcajht Chanjcs aie the last, hut by no 
means tlie least, items of importance. It is not too much to 
say that the whol(‘ success of the exploitation of lu^w paixir- 
making fibre hangs entirely u])on this item, the majority of 
many fibres which have been brought to the notice of the 
trade being suitable, but imiu-acticable, solely on account 
of these and similar commercial considerations. 

In tlie i)ages of the trade press for the last f(*w years the 
lollowing fibres have been noticed : — 

(1) Flax Pulp - This material was to he obtained from 
llax straw. Attem])ts were made on a commercial scale to 
[)roduce (piantities of flax fibre, luit so far tlu' efforts made 
have Jiot Ihhui very successful. 

(2) lianiic Fibre ~ This mahudal has been exploited over 
and over again, chiefly for textile trades, its application as a 
[)aper-nniking material being limited to small quantities 
used for special purposes such as hank nohis. The fibre is 
too valualdc, except for textile industries, and can oiily 
come into the i)aper trade as a w'aste material frpm such 
sources. 

(3) Tobacco Fibre has been before the trader for some 
years, the idea ))eing to utilise tobacco st(3ms and othei 
tobacco waste for Die manufacture of paper suitable for use 
as wrappers for cigars, cigarettes, and similar purposes. 

(4) A(jace Fibre. This luuiui is given to a large and 
imt)ortant genus of fibre-yielding plants found chiefly in 
Central America. It is also found in India, and in 1878 an 
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experiment was made for Uie manutaclure of papiir al a 
mill near IRnnhay, but tliis did not giv(‘ any siitisfactory 
results, probably on account of the primitive methods used 
in treatment. 

(5) Baijafiae . — The waste material from sugar-cane has 
been looked upon fc; many years as a desirable fibre, mucib 
time and labour having Ik'iui given to the utilisation of this 
material. In spite of tlu‘S(* efforts bagasse still remains an 
almost usidess and uiiworkabbi maU'-rial. This is partly 
due to inferiority of the pulp and partly dut to difficulties 
coiiiK'cted with its tn^atment. Probably cultivation of the 
plant for tlie sake of its fibre instead of the sugar might 
give better results. 

(G) Vmt , — Idle attempts made to utilise peat for papei- 
makiiig are probably fresh in the minds of those paper- 
makers interested in the i)roduclion of wrap])ers ami 
boxboards. ddui nature of pciat, howevei\ is such as to 
exclude the hope of making any useful article. The material 
has been ex])loited by companies in AustiLi, Ireland, and 
('anada on a fairly large scale, with but a limited amount 
of success. 

{1) Cottoii-sved JhiUa , — Many patents iiave been taken 
out for the cliemical treatment of cotton-seed waste and 
having for their object the removal of the particles of seed 
hulls, so as to obtain a pure cotton ])ulp. The scheme 
sounds attractive, but there are so many conditions which 
have to be taken account of that the commercial success of 
any undertaking based on the use of cotton-seed hulls is 
very questionable. The fact is that the hulls have a 
market value quiti; apart from the possibility of their 
application to paper-making, and this initial cost would 
prevent paper-makers from buying the material owing to 
the large quantity necessary for the manufacture of one ton 
of ])ure ])ulp. 
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(8) Apocymwi . — This plant is said to be utilised to 
extent by l^lie Russian Government in the manufacture of 
bank notes, the ^lant being cultivated at Poltava. This 
is an instance of the particular application of a fibrous 
material in limited quantities, a proposition which is 
always feasible in the case of special requirements. 

(9) Cornstalk . — This fibre has been chiefly exploited in 
America, experts having been attracted by the enoruious 
quantities of cornstalk available in the several wheat- 
producing States. The manufacture of pti[)er pulp from 
this material on a large scale has yet to be established. 

(10) Japanese Paper Fibres . — In Eastern countries a 
great number of fibrous plants are utilised in small quanti- 
ties for the manufacture of special papers. It is obvious 
that in these Eastern countries the employment of fibres 
which are not cultivated in large bulk is readily possible 
when the question of price obtained for the paper and the 
cost of production are considered. Of such libres may ))e 
mentioned the Miisumata and Ko<hu, easy of cultivation and 
giving a good yield of material per acre of ground. The 
waxed papers used for stencils in duplicating work on the 
typewriter are made from these fibres. The paper Mul- 
berry is also a well-known fibre; while a third species 
particularly valuable for thin papers is the Gampi. 

(11) Antalmoto Fibre , — The bark of this shrub is utilised 
in Madagascar in very small quantities for locah purposes 
and possesses little interest for paper-makers. 

(12) Ih’fuse Jlempstalk . — The suggestion of the use of 
this material comes from Italy, the herapatalk having been 
experinrented with at San Cesario Mill. This also is a fibre 
of a local interest only. The percentage of cellulose is very 
high, being over 60 per cent. 

(13) Papyrus , — The revival of this celebrated material is 
of comparatively recent date. It should be noted that the 
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manufacture of pa 2 )yrus as carried out by the Egyi^tians, l)v 
smoothing out layers of bark in order to utilise ^hem as 
sheets of j^aper, and the ju’esent day ju-oix^sals which involve 
the ju'oduction of 2 )a 2 )er pulp from 2 )ai)yrus, arc two entirely 
dilferent propositions, and the success of the old Egyptian 
method cannot he referred to as any assurance of success 
for the production of pa^uir from pa 2 )yrus along modern 
lines. The exi)loitation of this fibre must follow the 
lines of modium research and commercial investigation, 
and its value, if any, could then ])e established. 

(1 1) This is a fibre of the Siime family as 

hemp and ramie. The value of this material is at present 
unknown, but the ultimate fibre aiipears to [lossess a most 
extraordinary length. Wiry little information is available 
at present as to its value for patier-making. 

(15) Bamboo , — This material has been before the pajier 
ti’ade for many years, having first been e\' 2 )loited seriously 
by Mr. Thomas iloutledgeiu 1875. Since that date a good 
deal of work has been done in connection with the fibre, but 
not until recently has the investigation been made of a 
suhiciently extensive character to enable paper-makers to 
form some conclusions as to the best mclhods of obtaining 
a reliable pajier 2 )ulp. The researches of ihu wril-er in India 
go to jirove that with any fibre it is necessary to take into 
account all the factors likely to atreci the ilnal cost of the 
2 )a 2 )er puJ:|^) delivered to any given jiajier mill. 

d’lie figures given in a reiiort recently published,- “ The 
Manufacture of Pa^^er and Pai^er Pulp in Burma," show the 
necessity of thorough investigation into all the points likely 
to affect the final results, viz., the price at which the paper 
pulp can be sold in England, assuming that the fibre i« 
question is suitable for the manufacture of pajier. 


Examination of Fihrea . — The exact chemical analysis of 
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a now fibre is necessary in order to establish completely 
its valye ^r textile and paper-makinf^ purposes, but the 
investigation of the suitability of the fibre for paper-making 
may be simplified by simple reduction of the raw material 
with caustic soda. The following process is sufficient for all 
practical purposes : — 

Condition of Sumjdr. — A record should be made of the 
general appearance of the sample, its condition and the 
amount available for the investigation. Any information 
available as to •the source of supply and the growth of the 
plant should also be nokid. 

Preparation of Sainplr.- The material is cut up into 
small pieces. The most convenient a])pliance for this pur- 
pose is a mitre cutter as used by picture-frame makers. If 
the samjde is a piece of wood, sections one inch thick cut 
across the grain of the wood are most suitable, as they can 
be readily cut up into thin flakes by this machine. 

Moistnir in Sample. A small average sample should 
be dried at C. for the determination of moisture. 

Treatment n'ith Caustic >SWa.-- About two hundred grams 
of the raw material is closely packed into a small digester 
or autoclave and covered with a solution of caustic soda 
having a specific gravity of 1*050. A perforated lead disc 
should be i)laced above the sample in the digester to prevent 
any of it from floating above the hjvel of the solution. The 
material should be digested for five or six h&urs at a 
pressure of 50 lbs. The conditions of treatment luire given 
will need to be varied according to the nature of the fibre. 
Some materials can be readily converted into pulp with 
weaker fiquor and at a lower pressure, while others will 
require prolonged treatment. These conditions must be 
varied according to judgment or according to the effects 
ju'oduced by the conditions already set out. 

Unhleaehed Pulp. — The contents of the digester are 
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elliptic (1 out into an ordinary circular sieve i)rovided with 
a fine copper wire bottom, liaviiifjj a mesh of about sixteen 
to the incdi. The sieve is immersed in waiter and the con- 
tents partially washed with hot water, ddie ])artiaTly washed 
material is scpieezed out by hand and ticnl n\\ in a strong 
cloth and then kneaded thoroughly by band in a basin 
of water which is rejieatedly renewed unlil the fibre is 
thoroupfhly washed, 'fhe T^rocess of kneading at the same 
time reduces the fibre to the condition of ])ulp. The water is 
carefully squeezed out of the jadp by band„and the moist 
pulp is then divided into two eipial parts, the first of which 
is made u}) into sheets of any convenient size, care being 
taken that none of the fibre is lost. These sheets are then 
dried in the air and preserved as samiihis of unbleached 
pulp, a record being made of the weight produced. 

Jih'acJird Pulp . — The second portion of the moist pulp is 
mixed wdth a solution of bleach, the strength of which has 
been accurately determined by the usual methods. The 
amount of bleach added should be about 20 per cent, of the 
weight of air-dry fibres present in the moist sample of pulp. 
The inilp should be bleached at a temperature not exceeding 
88"' C., and when the colour lias reached a maximum the 
amount of bleach remaining in solution is ascertained by 
titration with standard arsenic sohuion. Jn this way the 
amount of hleaehing iiowder required to bleach the i)ulp is 
determini^d. The product is then made up into sheets of 
piilj) which are dried by exposure to air and subsequently 
w'eighed. 

Yidd of Pidp,— The percentage yield of finished pulp 
obtained from the raw material is determined fnom the 
figures arrived at in the ex]»eriment described, and the 
weight of raw material necessary to produce one ton of 
bleached pulp is readily calculated. 

Kxaminatlon of Bleached Fibre , — The fibre should be 
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carefully examined under the niici’oscope and a record 
made of general microBcopic features, especially witli refer- 
ence to tlio lentil and diameter of the fibres, and the 
projiortion of cellular matter present, if any. 

Sample (if ]h(pcr , — It is only in the case of sliort-fibred 
material similar to esparto and straw that sheets of pa])er 
capable of giving comparative results as to strength can be 
made. The figures obtained with fibrous materials of this 
kind are only comparative, because it is possible in jiractice 
to make a miujli stronger sheet of paper when the material 
is beaten properly under normal conditions. 

A similar investigation should be made by sulnnitting the 
fibre to treatment with bisulphite of lime, that is to say, if 
the fibre lends itself to such a process. A lead-liiu^d digesUii' 
is necessary, and the solution (unployiul is bisulphii.i' of lime 
prepared according to the directions given on page*, IbO. 

The preparation of sulphite pul}) recpiires more attention 
than the manufacture of soda pulp. It is most important that 
the digester should be absolutely tight in order to prevent 
the escape of any free sul})hnrous acid gas, and the contents 
of the digester must be heated slowly until the maximum 
pressure has been reached. 



ClIArTEK III 

TIIK MANllFACn'KIi OF I'APHU FllOV HAOS 

'J’hk word raR is used to dosignato a vory wide, range of 
raw inalorial suitable for conversion into liaper. In tbc 


if 



Fid. 0.- A liap: Sortiiifi: lloiist'. 


case of high-class hand-niadc writing pavers only the host 
qualities are employed, such as new linen and cotton 
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cuttings from factories, or well-sorted rags of domestic 
origin. The usual classification adopted by nuirchaiits 
who s*upply the* paper mills is somewhat as follows ; — 

New wliite linen cuttings (from textih; factories). 

New white cotton cuttings (from textile factori(is). 

F'ino whites (domestic rags). 

Outshots (a quality hctw'ecn fines and seconds). 

Seconds (a grade inferior to fines). 

Thirds (inferior and dirty w’ell-worn rags). 

Coloured. prints (of all grades and colours). 

Fustians and canvas. 

Manila and hemp rope. 

Baggy, gunny, and jute. 

The total amount of rag used in Kngland for paper- 
making is not known. The oidy figures available refer 
to rags imported : and these cannot he regarded as aiiu^asure 
of consumjition, which could only be arrived at by first 
ascertaining the quantity of home raps used. The imports 
of rag at stated ])(U'iods are given in the appended table : — 


Rags iMcoicnm into Enoland. 


1 

j IHSJ. 

IS'.l-' 


mo'i. 

Weight (tons) , 

22, 2.; 1 : 21,200 

2:}, 082 

IK, 002 

28, OKI 

Value 

i 

£87:1,0;}.) £:}0:},:ho 

£214, Of >8 

1 

£178,782 

V 

£221, 2.82 


Sortinff and Cuttinef . — All rags on arrival at tlu! mill are 
carefully sorted. This process is conductcal entirely by 
women, who sort and cut up the rags at spi^cial tables 
provided with cutting knives curved in shape similar to a 
scythe. These are fixed at an angle in the centre of the 
table, with the back towards and in front of each work- 
woman. The top of the table is made of thick coarse wire 
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SO that some of the dirt and forei^oi im])uriti(‘S may fall 
tliroiit^h. All buttons, hooks ajid eyt!S, pins, Icatlu'r, pi('cos 
of rubber, and oUier articles are carefully’ removed" wbib' 
seams and luuns are also ojx'iied out. Tbe ra.^^s arti cut into 
slips 8 — 0 incdies long and tben la'ciit crosswise, and throw'u 
into suitable baskets or receptacb's standing round the 



Fkj. 7. — A liag I)iistor. 

•* 

tabk', by wliich means the sorlinfj operation is eHectually 
carried out. The care and att«‘nlioii given to the sorting is 
an important item in the mnnufacture of papers of uniform 
(piality, and in the, best mills tbe. sorting is carried out 
to such an extent that twenty or twiaity-live grades a, re 
obtaiiKid. 

Duat'nuf . — Tlie rags are mrxt passed through a macliino 
wliich removes dirt. This is a hollow cylindrical or conical 
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drum having an external covering of coarse wire cloth, 
which rotates inside a wooden box. The shaft is provided 
with projecting, spikes, so that the rags are violently 



FKt. 8. — A Rag (’utter. 


agitated in their passage through the machine. The dirt 
and other impurities fall through the wire on to the floor 
of the room, while the clean rags are discharged from the 
lower end of the drum. The loss in weight varies according 
to the condition of the rags. With good materials the loss 
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inay only bo 1 — ‘2 i)er cont., while with dirty common 
rags th(i loss during cleaning and dusting may amojnit to 
10 per cent. • 

JioiJhu ). — The further }mritication of the rags I's effected 
by a chemical treatment, viz., boiling at a high temperature 



Fiq»*0. — Interior of Paper Mill for llaiul-miiLlo Paper 
(R. RatcLelor A So7is). 

with alkaline substances, which process removes bijty, 
glutinous, and starchy matter from the material. 

For this purpose a spherical digester is used, generally 
7 — 1) feet diameter, and capable of holding 2 — 2J tons of 
rag. The boiler or digester is filled with dusted rags, and 
the requisite amount of alkaline solution added. The man- 
hole is then closed, and steam admitted through the hollow 
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trunnions until the pressure reaches 20 or 00 lbs., at which 

pressure the boiling is continued for three to six liours 
accoi’ding to re<,'uirenients, the digester rotating slowly the 



Fin, 10,— View of a Rag lioilor, showing coiinocfions. 


whole time in order that the rags may he evenly and 
thoroughly boiled. 

The liquor employed for boiling is a solution of caustic 
soda, carbonate of soda, or milk of lime. In the case of 
caustic soda the amount required varies from 5 to 10 per 
cent, of the weight of rag. Caustic soda is preferable to 
lime, because it acts upon the grease and other fatty 
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mailers, forming a soluble compound whicli is freely 
removed in the subseqmuii process of wasliing. .Many 
paper-makers, however, use milk of lime, mrefully strsiined 
through fine cloth, almost (ixclusively. (/onsiderable expe- 
rience and skill art; necessary in this operation in order 
to avoid injury to the lilm^ not only as regards its strength, 
but also its colour. 

]Fa.s//b///. — When the rags have Ixion suflicumtly boihid, 
the st(iani is turned off and the i)ressure allowed to fall. 
This can be effected (piickly by blowing off* •from a valve 
fixed at the bottom of the boibu* opposite to the manhole. 
The cover is removed from the boiler and tbe boiler slowly 
rotated in ord('r that the contents may be dischargtHl into 
a tank placed below. The “ black li(pior,” as it is called, 
is then drained away from the rags, which are immediately 
subj(H*ted to a ])reliminary washing. The process of washing 
must he carried out in a thorough manner in order to 
remove all soluble com])Ounds, which if left would cause an 
unnecessary waste of bleach in the subse(pient stages of 
[)uriiication. There are many schemes emplo^>ed for 
wji,shing, most of them being devised with the idea of 
using a minimum quantity of water. 

The most general ju’actice, in th(‘. absence of s])0cial 
machinery, is the preliminary injatinent in the tank below 
tlu! digester, followed by a more conijdete washing ju-ocess 
in a machine known as a brcjaking engine. 

This apparatiis is a shallow oval-shaped vessel with 
circular ends, divided lengthwise by a partition called a 
mid-feath(‘,r, which, however, does not extend the full length 
of the ai)paratuy. In one of the two chaniuds into which 
the vessel is thus divid(?d a heavy roll is fitted, which is 
provided with a numb'’r of steal knives. On the floor of 
this channel there is fixed a “bed-plate,” also provided 
with projecting knives which are parallel with the knives 
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in the roll. The distance ))etweeii the knives in the roll 
and those in the “ bed-plate ” may be altered as required 
by means of an fid justing screw. In the other channel of 
the breaking engine there is fitted a “ drum-washer,” which 
serves for the removal of the dirty water from the machine. 
This drum is divided into sections by means of partitions 
which reach from the centre to the circumference. The 



Flo. 11. — A llroaking and 'Washiiijj; Engine. 

surface of the “ drum-washer ” consists of a line brass wire 
cloth supported by a coarser material j'hiced underneath. 

The breaking engine is half fdled with clean water, and 
the rags are thrown into the engine until it is suitably 
filled. The rotation of the heavy roll causes the mixture 
of rags and water to circulate round the vessel, the floor of 
which is so constructed that the pulp is drawn lietween the 
roll and “ bed-plate ” and discharged over the “ back-fall,” 
which is that portion of the sloping floor behind the 
bed -pi ate.” 
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The “ drum-waslier ” rotates witli its surface in contact 
with the mixture in the eufj^ine, so that the dirty, water 
passes throupjh the wire cloth and is can^it in the curved 
sections or buckets inside the drum and discharged into a 
trough adjacent to the c(mtro, and thereby conveyed away 
from tlui engine. Clean water is allowed to run into the 
vt'.ssel at one end while the dirty water is discharged by 
means of the “ drum-washer.” At the same time the rags 
are broken up by means of the knives on the roll, so that when 
the rags are sufficiently waslu'd, a process .which usually 
occu])ios four hours, they are also ])artially disintegrated. 

]ilrarhin(j.—T\n) clean disintegrahul rag is next bleached 
by means of ordiiiary bleaching i)owder solution. Bleaching 
powd(0* is a sul)sianc(i prepared by the action of chlorine 
gas on dry slaked lime, resulting in the formation of a com- 
])ound which has the property of hk'.acning or ‘‘ whitening” 
vt^geiahle mathu’s. The clear solution obtained by treating 
the powder with water is utilised by the paper-maker for 
bleaching LIk rag puli). 

Various methods are used for this ])urpose. Sometimes 
the ref[uisil(i volume of clear bleach liquor is added to the 
pulp in the breaker, and the material Lout in constant 
circulation until the o])0iation has been com])leted. In 
Other cases the broken ))iilp is transfernKl to a “])otcher,” 
which is a vessel similar in shape to the breaker, but merely 
pi-ovided ^ith paddles for keeping the pulp in circulation, 
and bleached by the addition of chloride of lime solution. 

Another method frequently adopted is to discharg<i the 
pul]) from the breaker, immediately after the addition 
of the bleach, into brick or cement tanks, allowing the 
bleaching action to ])roceed spontaiu'ously without pro- 
longed agitation. 

Ill some instances the process is hastened by adding 
dilute sulnhuric acid to the pulp after the bleach liquor has 
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1)0611 run in, or by lioaiiiif^j tlie inixtnro wiili stoani. For 
liij^li-class ])apors Ruch dovices as this are seldom resorted 
to. as experience <idiows that the colour of pulp bleaclied by 
drastic nietliods does not maintain a high standard. 

The pul}) is then thoroughly washed in order to remove 
cvi'.ry trace of residual bleach, and also the soluhh^ coni- 
}) 0 Uiids which have been formed during the operation. 
Very large quantities of water, clear and free from siisptmded 
dirt, are necessary. In some mills any excess of bleach is 
neutralised hy, the use of an “antichlor” such as sodium 
liyposul])hite, or sodium suljihite, but the best results ai’o 
undoubtedly obtaiiuid when the quantity of chemicals 
used is Kept at a minimuiu. 

If the })ul]) is hleached in a breaker or })otcher, the wash- 
ing is etTected hy the aid of the drum-washer. "With iml}) 
treated in steeping tanks, fresh water is allowed to pei'colate 
or drain slowly through the mass. 

I li n( T no TK' 1 h i i : \ (■ FT TN ( i . 

The substitution of a sodium hypochloriki solution for 
the ordinary calcium hy})()chlorite solution obtFiined from 
common bhiaching })owder has been the aim of specialists 
for many years. As early as I Hoi a ])atent was taken out 
by (diaries AVatt for decomposing chloi’ides of the alkali 
metals and the formation of hypochlorites. It was not 
until 18H() that a jiractical method wim devised for ''producing 
an (ilectrolysed solution of salt, but in that year Jlermite 
introduced a conlinuous process in which an electrolysed 
solution having a strength of three grammes chlorine per 
litre was jiassed continuously into the potcher. 

]\lany patents for the (dectrolysis of salt luive been taken 
out during the last twenty years, of which the Bird- 
ilargreave jirocess is in operation in England, the Ehodin 
process in America, the Biemens and Halske in Norway, 
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and ibe Ooifcel and Haas apparatus in Germany. The 
figures relating to tlie latter a})paraius may be mentioned 
iis ty})ical of the i)resent condition of olocUolytic bleaching. 
The a]i})aratus consists of a narrow rectangular trough 
divided into a number of chambers through which a solution 
of lirine flows at a constant and steady rate. The eliictric 
current is passed through the solution by suitable electrodes, 
the ten\}K!raturo lieing kept down by nutans of a cooling 
coil. Ihe cost of iiroducing the bleach liquor as given liy 
the inventors of the apparatus from the rei^ults of actual 
working are sliown in the following tal)le 

Taiu.s gtm.no Analysis or Tost kol JMiouueiNi; Ih.EAcii 
Liqcok. 

(V. pacify of tank . . 750 litros = HIS pillotis. 

yti’enu;ll) or (lotisity of brine . 1 *.> Boainno, or 2S I’waddoll. 

2S() lbs. of couiinon salt re<|uiro'i for ISO fjalloiis. 


I lours woikctl . , 

o 

•1 

0 

S 

10 

12 

(hamines of chlorine 
j)er litr(‘ produced , 
Tcnqx'rMtme of 

briiK' (1 Tiling 
ojieiiifion 

Ani])cveh of 1 10 volts 
Power in h.ji. hours i 

-1 ;i.) 

7*3S 

‘)*lt 

1212 ! 

11*31 

i(;‘2() 

20 

21 

20 

1 

•21 { 

20 

20 

55 

1 50 

‘U) 

52 1 

d7 

13 

Ki 

: 31 

-15 

i 

75 

80 

Cost of tho h.p. at 
jTor h.p. 1 
hour . . ' 

; 1 

^ ;Ud. 

i 

Uhl. 

Is. Ur/. : 

bs, ‘Ur/. 

bs 7hG 

Cost of salt 

1 l«.“6f/. 

1« 6(/. 

bs. (vl. \ 

bs. (ir/. 1 

j b. (ir/. 

1 bs. Or/. 

Total cost 


2.s.0^d. 

2s. dr/. 

2«.7R' 

1 2s. lOh/. 

3S. Ur/. 

Total chlorine ob- 
tained in kilos. 

i :1'262 

5*535 

7*d25 

0*315 

j 10*732 

12*150 

Coht of chlorine jier 
kilo. 

1 

6*(t/. 

•U</. 

3p/. 

;;*4r/. 

i 3*2r/. 

3r/. 

Salt used jier kilo, 
chlorine 

35 

20 

15 

12 

1 

, 10 

1 

0 


Tho above coste havo boon estimated on juices as follows : — 

Ooal . . - Kb. jier ton. 

iSalt . . . 12.^. I XT ton. 

AftiT 12 liours the 160 gallons (750 litres) are converted into electro- 
lytic bleach liquor containing *26J lbs. of active chlorine (12*15 kilos.). 
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Beaiinrf . — Althoiigli the rags are rocliiccd by ihe breaking 
engine, to a condition of fibrous lint, called “ half-stuff,” 
they are not fit ior conversion into pajuu*. They have to 
be beaten in special machinery until a complete sc'.parjition 
of the single fibres has been effected, and this process is 



Fig. 12. — Oettel and Haas’ Apparatus for the manufacture of 
Electrolytic Bleach rhcpior. 


rightly regarded by many paper-makers as 4he most 
important stage of manufacture. 

The beating engine is similar in construction to the 
breaking engine, but there are certain essential differences 
in arrangement and manipulation. There is usually no 
drum-washer ; the roll contains a large number of knives 
which M’e fixed in clumps or sets of three round the 
circumference ; the lowering of the roll upon the bed -pi ate 
is carefully watched and controlled, and the desired effects 
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are only obtained by strict attention to the condition of the 
pulp during; the whole process. 

The heater is first partially filled wdth wster, and the 
drained half-stuff added gradually until the “ furnish,” a 
convenient term applied to the contents of tin* engine, has 



Fig. 13. — The “ Holhinder ” Boating Engine. 


the proper consistency, which varies according to the nature 
and quaWly of paper required. 

The mass is circulated steadily round the engine by the 
action of the beater roll, which is lowered from time to time 
until the distance between the knives on the roll and those on 
the bed-plate has been set to the desired adjustment. This 
lowering of the roll and its proper adjustment call for the 
greatest care. 

Influence of the Beatincf , — The importance of this opera- 
tion can easily be judged from one or two specific examples. 
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in the case of pa})crs the two exti'eiiies of variation are 
represented ))y the ordinary Idottin^ paper on the one 
hand and a hard* strong writing ])aj)er known as a loan on 
the other. Now the great dilTerenee in the.sc papers may ])e 
traced to the careful selection of the rag and the trejitimuii 
in the beater as the two ])riniary causes of the final 
results. 

For blotting ])apers it is essenlial that the rags should 
be old and tender. In the beating operation subsequent to 
the usual boilipg and ble:iching ])rocesses the half-stufl’is 
beaten quickly with sharp kniv('.s, the roll being levered 
soon after the engine is filled, so that the healing is linished 
in about one to one and a half hours. 

For the strong writing pa])or Jicw strong rags are selected. 
In the beating procajss the .knives used are dull, the roll is 
lowered slowly and cautiously, and the boa, ting goes on for 
eight to ten hours. 

The efTect of such differenco in tnuitnient is easily seen 
by cxaniination of the fibrils of the ])ji])e.rs under the micro- 
scope. Tn the first case the fibres a])pear short with clea,n 
cut ends, the sha})e little distorted, the structure well 
defined, bearing a strong resemblance to tlui unbeaten 
material. In the case; of flu? well-beaten juipcT the ends of 
the individual fibres ai)p(‘ar to Ixi drawn or frayed out, 
the fibres do not poss('ss tlu‘ sharp vell-d('lined outline 
characteristic of blotting paper; they are partly^split up 
into fibrillar which lie together in a confused mass. 

In the hlottinfj paper these effi^cts an^ j)roduc(!d hecausii 
the knives being shar]> cut up tlu; material (piickly, and 
in the icriliiiff i)aper because the dull “tackle” tends to draw 
out the fibres and tear them up lengthwise'. 

The practical result is a spongy, soft, and 1)ulky blotting 
and a hard, strong, heavy writing paper. Of course the 
great difference between a blotting and a writing paper is 
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not fill due to this one operfition, but is obtfiiiu'd by fi scries 
of o])(jrations, of ^vhich one of the most impovtjint is, how- 
ever, th(^ beating. 

Colonrnuj I he Paper. —The. pul]) is brought to any desired 
tint hy tin; fiddition of minenil ])iguients or aniline dyes to 
the conU'iits of the engine. Tlu; laths- soluble dyes, however, 
are seldom used for higli-class nig inipcTS. rriisshui blue, 
ultramarine, and smfilts are ehielly used for this ])urj)ose, 
giving toiH'd blue, azurig find i>hi(5 laid ])a])ers. 

Maliinj the Paper. -The beaten pul}), wheiwhily prei)ared, 
is run from the, engine into 

store tanks Imown fis stulT ^ 

siifliciently beaten material 

find any im]turities riiiiiifiiiiSiir^r. 

afhjr which it is run olT into . n n i xi n 

ri(i. 14.— Ihe Hand Mould 

the Vflt, a S(}ilfiie*sha]H!d showing KnuiuMind 1>( ‘(‘kip. 

V(‘ssel ])uih. of wood or stone. 

The ap])aratus used in forming the sheets i.5 cfilled a 
hauil mould. The mould is a rectangular frame of mahogany 
u})on whicli is stretched tightly a line wire cloth, the sui faci; 
of the Ifitiim- being kept Hat by a coarser wire cloth fixed 
underneath, su])i)lemented hy wedge-shaped ])ioces of wood. 
A second frame called the deckle fits on to the mould in such 
fi manner as to form a shallow tray, the bottom of whiiih is 
the line wire cloth. 

The vatman takiis iij) the mould with both hands and 


dips it into the vat full of pulj) in a slanting iiosition, draw- 
ing it through the stulT towards him in a ])eculiar manner 
and lifting it out from the vat with a definite quantity of 
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the mixture in the frame. Ar the water drains away from 
the pulp, through the wire cloth, he imparts a shaking 
motion to the mould in order to cause the fibres to felt ” 
properly, this felting or interlacing of the fibres being an 
essential h^ature in the manufacture of a good sheet of i)aper. 
,\Vh(in the water has drained away sufficiently from the 
pulp, the vatman removes the deckle from the mould and 
passes the latter over to the coucher, who takes the mould, 
reverses it, and presses the contents, which may now be 
d(^scribed as a wet sheet of paper, down on to a damp piece 
of felt, by which means the pape,r is transferred to the felt. 
He returns the mould to the vatman, who meanwhile has 
made another sheet with a duplicate mould, and then, having 
laid a second felt upon the wet sheet of })aper, he proci^eds 
to transfer the msxt slu^et of paper to the scicond felt. This 
process is continued until a pihi is formed consisting of wet 
sheets of paper alternated with pieces of felt. 

The pile is at once submitted to great pressure in the 
hydraulic press, and the excess water slowly forced out, 
wdiile at the same time the shet^ts are compressed and thus 
“ closed up,” as it is termed. AVhen all th(' excess water 
has been removed as far as possible, the pile is taken aw’ay 
and the sheets of damp paper taken out, the felts biung 
placed ill one pile ready for further use, and the sheets of 
paper in a second ready for the next process. 

The papers are put back into tht; press without felts 
between the sheets and left for som(5 time. In most cases 
the sheets are turned round or mixed in with the sheets of 
another pile, before pressing. In this way any unovenuess 
or irregularity in the sheets is counteracted and a more 
uniform result obtained. 

When these changes are repeated several times the paper 
acquires an even texture and becomes firm and hard. 

Drying the Paper . — The sheets are hung up in the loft. 
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as ibe drying room is called, upon poles or ropes. The 
moisture gradually evaporates, and the papeu* is tlius^ dried 
by exposure to air. In winter it is necessary to warm the 
fiir in tlu*. loft, as the air is then saturated with moisture. 
Ill lofts of limited capacity the air is heated in order to 
liasten the process, but the best paper is allowed to dr^. 



naturally, as by this means the shrinkage is gradual and a 
maximum strength is attained. 

SirJup the /'uprr.— The dried paper as it leaves the loft 
is termed^ I IVi/rr/efl/’ because, being unsized, it readily 
absorbs water, and therefore before it can be used it must 
be sized. Tor this purpose it is dipped into a solution of 
gelatine, an operation described as Uih-nzmj or animal- 
the former term being used on account of the tub in 
which the size is kept, and the latter on account of the fact 
that the gelatine is nnide from animal matter such as hides, 
cartilage, hoofs, and other refuse. 

Animal This is prepared from hide pieces, skins, 
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and the likt^ hy a Himplc process, whicli, liowever, requires a 
j^ood deal of carci in ord(5r to obtain the b(!st results. The 
material is first, tliorouglily washed in plenty of clean water, 
and then heated with a definite quantity of water in a 
steam jacketed copper pan. The pieces slowly dissolve 
until a solution of gelatine is produced, and after the dirt 
and inipuriti('-s have settled to the bottom of the pan tin; 
clear liquid is drawn off into store vessels, 'fhere are many 
diTails of a technical character to be attmidcai to in the 
manufacturo of good gelatine, and as the proci^ss is expcm- 
sive, considerable atcention is demanded at this stage in the 
completion of a sheet of paper. 

The dry sheets of paper are sized by tln^ simple e\[K‘dient 
of dipping, or by the passages of the paper through a long 
tmugli. In the first case tins workman takes up a number of 
sheets and dips the bunch into a vat of size at the proper 
tem])(sriitLiro, about lOCP Fahrenheit. He then allows the 
surplus size to drain oil, and the sheets ans submiLUsd to a 
slight pressure in order to remove the (wcess of gelatine that 
xvill not drain off. 

In the second case a difl’erimt method is adojited in tliai, 
the sheets of paper are carried by travelling felts through ii 
batli of heated size, the excess gelatine Ixiing removed by 
the action of rubber or wooden rollers through which tla^ 
papers are jiassed before leaving the apparatus. The papers 
are quickly and evenly sized by this method, w.bich is no^^ 
most generally used. 

Glazinij . — AVhen the sheets of j^aper are quite dry they 
are ready for glazing, a process which turns the dull rough 
surface of the sized sheet into a highly polished smooth 
surface lit for use. The sheets are placed singly between 
copper or zinc plates, and a pile of these passed several 
times through heavy iron rollers, great pressure being 
applied to the latter during the operation. 
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Pio. 1<>. -A Supomilfiidor. 
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The amount of polish imparted by this plate-glaziii" pro- 
cess,, as it is termed, can be varied considerably. With a 
light pressure' and few rollings, the sheet of paper can be 
turned out having a fairly smooth surface, and without a 
conspicuously shiny appearance. By employing a great 
pressure and repeated rolling a much higher surface is 
attainable. If the plates are hot a still higher finish is 
possible. Macliine-made rag papers are glazed usually by 
means of the supercalender, which is a stack of alternate 
steel and ixipe.r rolls placed one above the other in a 
vertical position. The reel of paper passes l)etween these 
rolls and becomes highly surfaced. 

This oiieration effects many changes in the paper, liesides 
imparting a good finish. The thickness of the sheet is 
reduced by about 40 per cent., the fibres being compresi-ed 
much closer together. The tensile strength of this paper is 
also materially increased, and in every way ihe iiaper is 
improved. Moderation is essential in this as in everytliing, 
because excess of glazing weakens a })aper, rendering it 
brittle and liable to crack when folded. 

Ijuid and I Tore Papers , — When certain pajiers are held 
up to the light and carefully examined it will be notic.ed 
that they appear to contain delicate tran8i)arent lines 
running parallel wilh one another at equal dislances of 
about an inch, and that these are interstcLed by similar 
transparent lines running at right angles, whyjh are much 
closer together. Such papers are known as Laid Papers, 
and the peculiar formation of the trans})arent lines is due 
to the construction of the mould used in the making. The 
wire surface of this mould comist'; of a number of some- 
what stout wires placed about one inch apart, interwoven 
with finer wires running across and at right angles, wliich 
are threaded much closer together. When the mould is 
dipped into the vat and withdrawn, the water drains away 
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from the under surface of the wire, and the moist pulj) 
settles down on the upper surface; hut since the egarser 
wires project a little from tlie liner threiJftls, the paper is 
slightly thinner along those wires, though to an almost 
inlinitesimal extent, ' with the result tliat on drying the 
sheid appears to contain trans])arent lines. 

})apers are so called from the nature of the mould 
used. The surfacti of the mould irj this case 
consists of liJie wires equally distributed, being 
woven in sindi a manner that the wires ar^ 
equidistant from one another, as in ordinary 
wire gauze. A wove, paper, on being examined 
in the light, simply shows a number of small 
diamond-shaped spaces, which in the majority 
of instances aixj dillicult to detect. 

The Watennark . — The ti'ansparent device 
observed in many papers when h(‘ld up to the 
light is known as the watennark, a t(u-m pro- 
h.ibly derived from the conditions existing at 
the time the sheet of paper is made on the 
mould. The eifect is produced by nutans of 
a raised design sewn or soldered to the surhice 
of the mould, the design being fashioned ou 
of line wire. 

When a mould thus lilted with the design is 
dipped ink^a vat of j)ulp and lifted out, the water falls 
through the wire, and the pulp sinks down on to the surface 
of the mould, forming a replica, so to speak, of the design, 
which is easily seen when the dry paper is held up to the 
light, because the pa])er is thinner just at those points 
where the wircis forming the design conui into contact with 
the wet pul]). 

Some of the watermarks are very elaborate and interesting. 
A familiar illustration of a beautiful design of this 


% 



Pio. 17.— The 
I'hrst Wator- 
in a r k in 
1 *aper. 
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description is to be found in the Jbink of jOn^land notes. 
As a -general rul{3 tbo ordinary wat(3rinaj‘k consists of a 
mere trade ten'n such as ‘‘ Vellum,” “ Zenobia,” or of the 
name of the manufacturer, such as “,1. Wbatinati,” 
“ R. Batchelor,” and so on. In the earlier dii\s of paper- 
jnaking many highly interesting designs were used, and 
some of these are still extant. In fact many of the nann'S 
by which certain standard sizes of ])aper are known owe 
their origin to the watermarks employed. 

The earliest?-known watermark bears the date a.d. BIOl, 
being in the form of a glola; and cross, as shown. Of e(pial 
interest are those designs from which certain ])apers are- 
called foolscap, crown, pott, post, royal, coliimbicr, and so 
on. The wati'.rniarks are now little used, but the terms are- 
still retained, as indicating the size of the sheet. 


MicRoscoeic Featuiiks of Cotton and Ltnkn Fir.UES. 

The (vtfon filu’e is about 30 mm. long, with an average 
diameter of *025 mm. of tube-like shai)C, and having a 
prominent central canal. There are no cross markings 
on the cell walls, and the ends of the fibre are rounded 
off into a somewdiat blunt point. It exhibits a marked 
tendency to twist itself, especially if dry, and this 
peculiarity is I'eadily observ(‘-d with the r.'iw'^material. 

The ])rocess of puper-making alters the characteristic 
structure of th(‘- fibre very greatly. The ends of the fibre are 
seldom to be seen ; the curious twist is less prominent, and 
the fibres are torn and destroyed. The effect of the heating 
process, for (ixample, on cotton is easily to be noticed by 
comi)aring the fibres of a blotting ]>aper under the microscope 
with the fibres of a hnnk or loan paper. 

The distortions produced by prolonged beating renders 





FlO. 19. — Linon. 


compared to a stick oi bamboo. The (aintral eai:ial of tlio 
fibre is extremely narnuv, runiiiiij,^ like a small thread 
through the length of the fibre. TIk; cell walls are farther 
marked by numerous j)ores, which appear as small dark 
lines running from side to side, but not meeting in the 
centre. 
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Jii tli(‘ treatment necessary for inaKinp; })a]a‘r thes(' 
cliaract(‘ristics are larg(ily destroyed, and while it is ^qnite 
easy to ascertain that a paper is of linen, or of cotton, or 
that a paper is mainly ct)tton with a small percenta.ge of 
linen, yet an^ conditions inuha* which it is ditlicult to 
determine tlni exact pcnaamtage of cotton or limai in a rag 
papia*. If, for exa,m])ki, a papcn* contains iH'arly (‘(piar 
(|na,ntities of cotton and limm, the exact proportions can- 
not 1 h‘ (letermiiK'd closca* than 10 per cent., esp(>cially in 
well-lasiten papers. 


liH\oKNT Fon St \ i XI NO Fimms. 

Dissolvti 2*1 gra.ms ])otassinm iodide and 
0*1 grams iodine in 5 c.c. of ^\ater. ^lix this solution with 
a solution containing 20 grams <»f dry zinc cliloride in 
10 c.c. of water. Allow tlu^ mixture to stiind ; i)onr olT the 
c’ear liquid into suitahlci bottles. 

(\ » L« uiAT ION 1 hn )1 ) uc K I ) . 

Ootton, linen, hemp. — AVine red. 

Esi)a,rto, straw and wood cellulose. — Dl.d-di viohit. 

Mechanical wood, unhleached jute. — Yellow. 

Manila hemp. — Blue, bluish grey to yello\\. 



OHAPTER IV 


, i:SJ'\llT() AND STRAW 

Esparto Paprrs. 

Ttir valiu' of Esparto for ilu^ Diannfactnre of liigli-class 
pritiiin^ and medium qualify writing paper is well known. 
Phis material has qualities which cannot readily bo 
obtaiiuid from other fibres, such as r!ig and wood pulp. 
It is chi(‘,lly UH('d in i)ap(‘.rs required for lithographic 
printing, hooks, and art illustration, sincc^ it gives a sheet 
having a good surface and one which is soft and flexible. 

The grass is obtained from Spain, klorocco, Algeria, 
Tunis, and Tri[)oli, in which countries it grows wild, 
requiring V('ry littki cultivalion. Tlu; condition of the 
crop is improved by propcu- treatment, and in districts 
wher(! th{', grass is cut for export as a ])aper-making 
mabjrial atteailion is given to cultivation. 

Tin* ])lant grows to a height of three or four feet, and 
when mature the long blades of grass curl up into the form 
of a cylinder rt'scunbling a ])iece of wire. The hsaf consists of 
two parts, the stalk and a sheath, which are easily, separated 
when luirv('sted. The grass is juilled up by hand and stacked 
into heaps in order that it may be dried by the heat of the 
sun, afUir which procc^ss it is cand'ully picked over for the 
removal of all extraneous imithu’ and impurities. It is then 
grfided, the best sorts being kept for weaving, and tlie 
remainder being sold for paper-making. It is pack(id up 
into large bales of about 4 cwt. capacity, compressed into 
small bulk by powerful presses, and shii)ped to England. 
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Esparto Pulp . — The lirst prue(‘s.s in Die ni:iiiut‘{iciiire ol' 
the paper is cleaiiinfr. The bundles of grass are oli^'n(id 
up, sljakeiiout, and put througli a, willow ing niacdiini'. This 
consists of a hollownionical drinn, the outer snrfarc' of whi(di 
is a coarse wire cloth. Inside tla‘ drum is filtc'd a shaft 
provided with wooden tecdh, and as the grass ])ass('s tliroiigh 
it is tossed about and the dust removed. The clean grass 
is coim^yed hy travelling l)ells to the dig«‘ster house. For 
tli(‘ production of a high-class paper the grass is often 
examined hy girls, who stand on eitlu-r* side of tlu' 
travelling conveyer and take out any coarse, root ends and 
foreign material not Kunoxaul hy the willowing machine. 

JhnJuuf , — 'J'he ohj(‘ct of submitting (isparto to chmnical 
treatment is to obtain a i)ure ])aper-making iibr(! known as 
cellulose. The composition of this raw material is shown 
hy the following analysis : — 

Spanish Esparto. 

Cellulose 

\Vat(u* . ... 

Afjueous extract 
Tectous matter 
l^ditty matter . 

Ash 1 . . . . 


Yield of dry cellulose obtained 
actual practice from good i 
material . . . . 45 to J-S % 

By boiling the esparto with caustic soda under pressure 
for a stated time, the non-librous constitiu'.nts are removed, 
leaving the cellulose in a more or less pure form according 
to the severity of the chemical troalment. 


. 48-t>r) 
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In practice the grass is pached tightly into upright 
stationary digesters and a definite quantity of caustic 
soda solution added, the amount of chemical used Ixung 
equal to 15 — 18 per cent, of the weight of grass packed 
into the digester. The form of digester almost univ(;rsally 
, ^employed is that known as the Sinclair’s “ vomiting ” boiler, 
which is constructed so that a continuous cij eolation of the 



20. -An E-imrto Duster. 

liquid is maintained by means of wiiat arc called “ vomit” 
])ipes. These are fitted to the sides of the digester in such 
a manner that the caustic soda solution circulates from the 
bottom of the digester, up through the “vomit” pipes, 
and is discharged downwards upon the contents of the 
boiler through a i)erforated plate fixed in the upper part 
of the digester. The requisite quantity of caustic soda 
solution is placed in the digesler, and steam admitted into 
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the bottom of the vessel while tlic jjjrass is beinf^ thrown in. 
In this way a much larger weight of grass can be boibai at 



Fi(3, 21 .— Sin cl air’s “ Voiiiitiiij^ ” Espuito lloilcn-. 


one operation, since the bulk is greatly rediice»l when the 
grass has become thoroughly soft and wet. 

When the boiler is loaded the inlet is closed up and steam 
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turned on to the full pressure of about 40 or 50 lbs., ibis 
beinf:^ maintained for a period of about four hours. The non- 
fibrous constituents of the esparto are pjradually dissolved 
out 1)^ the caustic soda, and when the oiieration is com- 
pleted the black liquor is run off from the digester into 
large store tanks, and tin* esiiarto grass which remains in 



the digester is then completely washed until the soda is 
almost entirely washed oul. 

The conditions for boiling and bleaching esparto are 
varied by the paper-maker as circumstances require. A 
maximum yield of libre is obtained vhen the least possible 
quantity of caustic soda is used, but a larger percentage of 
bleaching pow^der may be necessary to ensure a well 
bleaelied pulp. The use of an excess of caustic soda is 
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probably the f];(aieral practico for several reasons, amongst 
which may be noted the advisability of guarding against 
irregularities in tlu^ quahty of the esparto, and conso(pi(aat 
insullicicnt boiling, as well as the advantage of having some 
free caustic in tlio s]>ent liquors to prevaait the furring up 
of the tubes of the evaporating api)arji,tiis in the soda 
recov('ry diqiartineiit. 

Tli(i following experiments, given by a contributor to the 
r((pvr Ty<ii1r Ilcriyir some years ago, are inh'rijsting as 
showing the ehect of varying proportions of caustic soda 
used })or unit of grass: - 

Kxrr.ioMi \T^ i;i Yield or Aii;-di 5 Y liLEvciiKD I’m’ ehom Oiian 
Air-drv Pulp 10 ])<‘r roni. \vfit(>r. 
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liccovcry of Spent Liipiar , — As it is possi])le to recover 
75 to 80 per cent, of tlie soda originally used in digesting 
the* esparto, ilie wasliin^ of the boiled grass is conducted on 
sci(;ntific ju-inciples in order to ensure a niaximum recovery 
of soda at a iniuiniuni cost. 

The recovery is eftected by evaporating down the black 
li(|uor, together with the washing waters, to a thick 
syrupy mass, which can he burnt. The organic and 
resinous constituents of tlui esparto which have been 
dissolved out by the caustic soda, forming the soluble 
soda com])oiinds, ignite readily, and during conibiHtion 
the organic soda compounds are converUul more or less 
com[)letely into crude carbonate of soda. 

It is obvious, then, that the cost of recovery depends mainly 
on the quantity of weak waishing water which has to be 
evaporjited. Consequently methods are devisid by means 
of which the grass is thoroughly waslied with as little 
water as possible, and some of the methods are veiy 
ingenious. 

The spent liquors and wa,shing \\<i.ters aie evaporated to 
a small hulk in a vacuum inulti])le effect ap])aratus, and 
the thick liquid mass obtained by evai)oration is burnt 
eith('r in a rotaiy furnace or on an ordinary hearth. Every 
preraution is taken to effect this operation with a minimum 
quantity of coal. The burning olT of this mass results in 
the formation of a black substance winch is^ taken awaiy 
from the furnace and allow'od to char or slowly burn until 
the impure white soda ash, or carbonate of soda, is 
obtained. 

Two systems of recovery are in general use, which 
deserve a bi’ief notice : — 

Direct K vapor a don . — The liquors may he evaporated to 
a small bulk ready for incineration by treatment in long 
shallow pans or furnaces, the heat necessary for the process 
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Fig. 23 .— J^cott’s Multiple Effect Evaporator. 
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being ol)iaine(l mainly from the com])nstion of the iliick 
concentrated liquor. The most familiar type of this form 
of appai’atus is the Porion evaporator. 

The comhustion of the concentrated liquor is started hy 
a coal furnace at one end of the ap])aratns. The thick 
viscous mass catches lire and burns A^ith aficirce flame, and 
the heat is utilised in evaporating the ^v(^aker li([Uors which 
How continuously through shallow brick troughs, the surface 
of which is fre(‘ly exposed to the heat and Ihimes from the 
hearth where; the organic soda compounds produced in the 
boiling of esparto are being incinerated and converted into 
soda ash. 

Under suitable conditions this evaporator is most 
economical in its results. It can he erected ('hea])ly, and 
when all the heat is fully used in every possible direction 
it can he worked at a low cost compiired with the more 
modern multi))le ell'cct evaporators. 

Varidim Midtijilc Kjlert A'/vqxu'u/oun — Advantage is taken 
of the fact that water boils at a lower tem])eraturo in a 
A^acuu^u than at the ordinary ])ressure of the atmosphere. 
There ar(', many forms of ap])arjitus based on this principle, 
amongst Avhich the most recent is Scott’s eva}mrator. The 
black liquor from the boilers ispuui])ed through tubes heated 
externally hy high-pressure steam. The liipior is passed 
into a chamber in which a slight vacuum is maintained, so 
that immediately on entering, the liquor ])arts .with a good 
deal of water in the shape of steam. The steam liberated 
is utilised in producing further evaporation of Ihe partially 
concentrated liquor, and this operation is repeated several 
times until the concentration is effected to the desired 
point. 

In most cases the actual incineration of the thick liquor 
is carried out in a rotary furnace when such an aj)paratus 
as this is used. 
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Kv VroKVA l'TON T\ulk. 

Showing t]i(‘ Vdliu'io (»f li([iuu- obtained by evaporatiog 1.000 gallons 
of weak black lye of donsit}' <! to a higher deiis)l \ |). 
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J’lXAMi’LK : — 1,000 gallons of weak li(|nor al a density of 7 'rwmblell 
are reduced to a volume <d' ‘JOO gallons havdng a density of do 
'I'waddell, or to a voliiim* of NO gallons w'lth a density of oO 
Twaddoll, by ('vapor.itiom 

Pvrpavaihm of Cansttr S<kI( 1 . — Tlio erndo soda asli 
rocovorod from jirevious boiling oitortilions is dissfilvod in 
large lixiviating tanks and exiraeted with lint water. Tlu' 
clear solution obtiiincd after all inij)iirities have boeti allowed 
to settle is pumped uj) into the causlicising tanks, wdiere 
it is converted into caustic soda, the loss due to the amount 
of soda nol* recovered being made up by tin.' addition of 
ordinary soda ash. The causticising pans are largo circular 
ii-on vessels usually 9 feet diameter and 8 or 9 feet deep, 
into which a known volume of the recovered carbonate 
of soda solution is lilaced. 

A weighed quantity of ordinary quic-klime is then put 
into a perforated iron cage which is fixed inside the 
causticising pan at such a level that the whole of the 
lime is immersed in the solution. The liquor is kept in 
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constant circulation by moans of an ajjjitator and boated to 
boiling point, with the result that the chemical reaction 
sets in, the ca-rbonato of soda being converted into caustic 
soda and the lime being thrown out as chalk. When the 
operation is comjdcted, the steam is turned oh and the 
chalk a,llo^Yed to S(‘ttle. The clear li(pior is carefully 
strained off and pumped up into store tanks from which the 
required quantities arc drawii off‘ into the digesters as 
circumstances demand. 

IVoaltinff— ThG grass which has been partially washed in 
the digester is dug out by the workmen and discharged 
through a manhole fitted on one side of the digester near 
the bottom. It is then conveyed in any convenient manner 
to the breaking engine, in wliich the grass is more com- 
pletely washed. ^This inqiortant machine has already been 
described on page 53. The tloor of the vessel slopes slightly 
upward towards the front of the roll and falls suddenly 
behind the roll, in ordtu* to promote a circulation of the 
contents of tljc engine round and round the vessel. 

^ definite weight of boiled grass is thrown into the engine 
together with a large', quantity of fresh water. The circu- 
lation of tlu'. roll draws the mixture of pulp and water 
between the knives, breaking it up and at the same time 
discharging it behind the beater roll, and producing a 
continuous circulation of the mixture in the two sections of 
ihe vessels. 

T'he dirty water is continuously removed from the vessel 
by means of a “drum-washer.” This is a large hollow 
drum, the outer surface of which consists of a fine wire 
cloth, the interior of the washer being fitted with specially 
curved scoops. Tlu; drum-washer is lowered until it is half 
immersed in the mixture of pulp and w^ater, and as it rotates 
the dirty w’ater finds its way through the wire cloth, being 
caught up by the internal scoops and discharged through a 
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l)ip(i to a (Iniiii outsido ilic breaking engine. At tlie same 
time fresli water is run into tlie vessel at one end, aiwl the 
continuous washing of the puli) thus ellected. 

BlracJnuf]. The clean boiled grass is bleached by means 
of a solution of chloride of lime. 

There are several methods used for this pur])ose, eiich oj, 
which has special advantages of its own, though this is 
largely a qu(‘stion of local conditions : - 

(A) The pul]) can he bleached in the washing engiiu' 
directly the grass has been suEiciently cle^Wicd. In this 
case (lie flow of fr(‘sh water is stoj)ped and as much water 
as ])ossil)le removed by means of the drum-w'asher. The 
drum-washer is then raised out of the ])ulp and a known 
volume of bleaching powd(‘,r solution corresponding to a 
definite weight of dry ])owder is added to the contents of 
the breaking engine. The amount used depends on tlu' 
quantity of dry grass in the ])reaking eiigine, the usual 
proportion being 8 to 10 j)or cent, on the calculated air- 
diy weight of raw grass. As the stuff circulates round 
the engine the colour gradually changes from da)-k yellow 
to white. 

The process is sometimes hastened h\ Mowing a small 
quantity of steam into the mixture and thereby laising its 
tcmpc'rature. Considera))le can; must ])e exendsed in using 
h(;at, ])ecause pulp bleached quickly ])y this means is liable 
to lose colfjiir at the later stages of Jiianufaclure. 

AVhen the pulp has been bleaclual to tbe re(juir(;d extent, 
th(^ drum-washer is again lowered into contact with the 
bleached pulp, and the latter is thoroughly washed so as to be 
quite free from traces of bleach and other soluble impurities. 

(B) Esparto is often bleached in a, “Tower” bleaching 
engine which consists uf a tall cylindrical vessel of 9 feet 
diameter, and 15 or lb feet deep, at the bottom of which is 
fixed a small centrifugal pump. 

G 2 
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The boiled gmss together with sufficient water and cleai 
bleaching powder solution is placed in the engine ; the 
centrifugal pump draws the mixture from the bottom of the 
vessel and discharges it, by means of a large external pipe, 
direct into the top of the vessel, where, as it falls, it comes 
into contact with a circular ballle-plate, which distributes 
the pulp evenly over the surfa,ci^ of the mixture in the 
vess(^l. A continuous and rai)id circulation is thus main- 
tained, and the pi'ocess is said to be very elTective. The 
bleached pulp‘is subsetpiently washed free from any traces 
of bleach. 

(C) Es])arto is frequently bleached by the “steeping” 
process. In this case the pulp is washed in the breaking 
engine, mixed with the required quantity of bhnich, and at 
once discharged through the outlet pipes of the engim^ ijito 
large brick tanks, where 'Ihe bleach is allowed to act quietly 
upon the boiled grass. This method product's a pulp of good 
colour and is economical. 

Wliichever process of bleaching is adopted, it is necessary 
to remove all the by-products formed during the proctiss, 
as these soluble by-products if left in the mixture product' 
a lowering of colour. 

The presence of small traces of bleaching powder solution 
can be detected by the use of starch and potassium iodidt; 
test pa])ers. If a handful of the pulp after l)leaching, when 
squeezed out, does not turn the test paper viofet or blue, 
then the absence of any free bleach is taken for granted. 
The slightest trace of bleach will turn such test papcirs blue 
or violet according to the amount present. This is the test 
usually applied by the men in charge of the bleaching 
operations. 

Makimj Sheets of Esparto Pulp.— Yor convenience in 
handling, it is usual to work up the washed and bleached 
pulp into the form of moist sheets. This is effected on a 
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iiiachinc luiowii as a “ presse-pate,” an apparatus which 
closclj^ resembles the wet end of a paper machine. It con- 
sists of a Slit of Hat strainers or screens, a horizontal wire 
similar to the pajicr machine wire, provided with deckles, 
the usual couch rolls, and press rolls. 

The i)iilp diluted with water is ])a,ssod throuj^di the screens 
and on to the horizontal wire, where it is formed into a 
moist sheet, the water draining away from the wire, and 
also being removed by vacuum ])umps. The thick sheet of 
pulp is carried ^through the conch rolls and press rolls, being 
linally wound up on a wooden roller at the end of the 
machine. In this moist condition it is ready for use in the 
mill. 

Dnj Ksjuirlo Pidp. When the bleached juilj) is intended 
for export a more elaborate machine is used — to all intents 
and ])uri)oses a pa])er-making machine — by mea,nsof which 
the continuous sheet of moist pulp is dried and cut u]) into 
smaller sheets of suitable size. These drie-d sheets are 
packed up in bales containing 2 cwt. or 4 cwt. of dried 
])ulp, then wra.])p(!d in hessian and bound with iron wires. 

Ollier Mclh()(l>i. - Since the yield of esparto pulp from the 
raw material is l(‘ss than 50 ]>er cent, and it i‘eqnires 
45 cwt. of grass to make one ton of linished pulp, methods 
have been devised for treating thii grass in the green state 
in the districts where it is grown, but so far nothing has 
been done on a large scale. 

The iaolahitn of the ceUidose hif alhalhie treatment in the 
cold has been suggested, but the method never i^assed 
beyond the ex])erimental stage. This process was indeed 
first mentioned by Trabut, vho many years ago considered 
that the removal of iion-fibrous constituents from fresh 
grass could be readily accomplished by the less drastic 
treatment of the esparto with alkaline carbonates of soda 
and potash at ordinary temperatures. 
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The production of esparto pulp hi/ hut tcrioloifieal fermentu- 
tion is an idc.a of later date. According to the inventor, 
the grass is crushed mechanically hy means of rolh'!”^ and 
then immersed in sea water inoculated with sp(H‘iiil hjicillus 
obtained from esparto, and gradually resolved into (‘elluloso 
and solulde by-products by fermentation whicdi is conij>lele 
in about eleven days. The commercial value of this idej;. 
has not yet b(',en demonstrated. 

Esparto IVlp: Mk isoscopical FnATrpucs. 

The pul]) of esparto when examined under The microsco])t' 
is easily recognised, lirht by the characteristic a])pearance 
of the long slender cylindrical-shaped fibres, ami secondly 
by the numerous cells always present. TIk'm; cells consist 
of cnticular AT.sscds with serrated edj^es, and also of small 
pear-shaped se(Ml hairs, the shape of which is a ready means 
of identifying es])arto. An examin«ttion of the transverse 
section of the raw material indicates tlu' source of these 
])ear-sha])ed vessels. 

Test for FjSparto in Papers. — J*a]>(‘r containing es])arto 
tibro may be tested ])y means of a. weak solution of aniline 
sul|)hate. The suspected })aper is genily heated in the test 
reagent, and if esparto is])r(;sent the ])a.pc/ turns a rose-riid 
or ])ink colour, the, de])th of colour being a mea.Bure of tlu; 
amount of esparto. Most of the modern book ])apers aia*. 
prepared from chemical wood pulp and os]>ario mixed in 
varying proi)ortions, and wdiile this test can be used as a 
means of detecting a small or a large ])roportion of esjiarto, 
a microsco})ical examination is required for a more accur{it,(‘ 
estimation. 

The pro})ortioT?.B us()d by the paper-maker d(q)end upon 
the weighing out of the w’ood pulp and es])arto more or loss 
accurately, while the microscopical t(‘st is based u])on the 
relative proportions as represented by the volume of fibres 
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of each class on the glass slip placed under the microscope. 
Since the wood pulp consists of a iiuinher of broad flat 
rihb&n-lihe fibres, and the esparto of small cylindrical fibres, 






Mattliias Koops, wlio publislied a book printed on paper 
made from «tra\y it ^vas not until 18()0 that thib 
malci'ial was used in any large quantity. * 

Straw is now converted into a bleaclied paper i)iilp for 
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news and printings, and is also utilised for tlie manufacture 
of straw boards. 

The production of a white paper pulp from straw is 
carried out in a manner similar to that used in the case of 
esparto fibre, viz., by digestion with caustic soda under 
pressure and subsequent bleaching. As the straw contains 
considerable quantities of siliceous matter, the chemical 
treatment necessary to reduce the material to paper pulp is 
more severe, a stronger solution of caustic soda being used, 
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1111(1 tlic proctess of digestion being carried out at a bighor 
temperature. 

for the best cpiality of straw cellulose, the material is 
cut up into small pieces by macbines which resemble an 
ordinary chalT-cutter, and tlie knots taken out by a 
separating imKihine. In most cases, however, the whole 
straw is simply cut up into small lengths of about one tu 
two inches long, and placed at once in the digester. AVhen 
the straw is contamimihul with foreign wccids, sand, husks, 
and similar substances, as is usually the case, it is care- 
fully hand-picked by girls, who remove these impurities, 
which tend to produce jiarticles of unbleached matter in the 
finished pulp. The expense of this preliminary cleaning 
process is more than compensated for by the enhanced value 
of tlu' blea.(*hed straw pulp. 

7>?//c.s/ba/.— The cut straw is boihsd in rotary cylindrical 
or spherical vessels, stationary upright boilers of the vomit- 
ing lype being seldom employed because the circulation of 
the caustic soda li(|uordoes not take])lace freely with straw 
packed in the latter. 

As the mateiial is very bulky, some of the liquor is first 
jmt into the boiler juid the steam admitted while the straw 
is })eing thrown in. By this means the straw is softened 
and reduced in bulk, so that a larger quantity can be added 
before the digester is quite full. The full amount of caustic 
soda is then made up by further additions of liquor, and 
the contents of the digest(3r heated by high-pressure steam 
for f(jur to six hours. 

The conditions of treatment are shown by the following 
trial : - 

Amount of straw . . . 5, (>00 Ihs. 

Caustic soda, 20 per cent. . . 1,120 lbs. 


The caustic soda was added in the form of a liquor, 
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having a volume of *J5,012 gallons and a specilic gravity 
of 1*055. 

Time ol boiling ... .5 hours. 

Pressure GO Ihs. 

ir(/.s///m 7 . — The boiled straw is discharged into large 
tanks placed below the digester and washed with hot waha-, 
the smallest possible (juantity being used consishmt with 
eompleiii wasliing in order to prevent tlui accumulation of 
larg(', volumes of weak lye. The sjaait li(pior juid washing 
waters are drained off into store tanks and evaporated in a 
multiple effect a})paratus by the same process as that used 
for esi^arto pulp. The last washings an; usually run away 
because the percentag(‘ of soda in them is too small to pay 
for the. cost of recovery. 

Tlie final wasliing of the straw pulp is comjdeted by the 
use of a breaking (‘.ngine. or potcher. As straw pulp con- 
tains a large projiortion of cellular matter which cannot he 
regarded as triU‘ fibres, there is always a danger of con- 
siderable loss in yield il tlu' use of the hn'aking engine is 
exteiisividy adoi'ied, because the short cells escaipe through 
the mesbes of the drum-washer. The washing is most 
economically eftectcul in the ta.nks if a good yichl of pulp is 
rc({uired. 

Sepdratimj out Knota . — The broken pulp from the break- 
ing engines js diluted with large quantities of water and 
pumped over sand traps in order to remove knots and 
weeds which have resisted the action of th(‘ caustic soda. 
Tbese traps consist of long sliallow tra 3 ^s, peiha]>s sixty to 
eighty yards long, one yard wide., and niiu! inebes diiu}), 
containing boards which streteh from side to side, slojung 
at an angle, and nailed to the bottom of the trays. Tlu; 
dilute pulp flows through the trays, l(;aving the heavy 
particles, knots, and foreign matter behind the sloping 
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boards, and finally passes over tlie straiiKirs, wbicli retain 
any large coarse, pieces still remaining. 

Making SJieets of P nip . — The mixture from the strainers 
contains a larg(^ excess of water which ha.s to he removed 
hefon^ tli(', ])iil]) can he hleaclKul. P'or this piirpos(‘ a wtit 
press machiiu) (siu^ page lOli) or a 2)resse-])at(i (stie pag(i 8 , 5 ) 
IS (an2)loyed, and the w(^t sln^ets of j)ulp are then really for 
bleaching. 

Bhutrhing . — The jn'ocess by which tlu‘ ])iilp is bleached is 
exactly sinnlar io that used for treating esparto. 

From 1870 to 1800 large (juantiti(*s of straw were used 
for the manufactiin^ of newspa])er in conjunction with 
esparlo and wood i)iil[>, hut the ])rice of the material 
was gradually advanced so that it could not las used with 
advantage, (\s 2 )ecially as the jiroduction of wood pulp gave a 
material which was mucli chea 2 >er, and which could he 
utilised at once without chemical treatment. 

Jn the iiiaiiufacture of ncwHpa2)er the tendency duriirg 
recent years has been to make the 2)a2^ormill o2)eralions as 
mechanical as ])ossihle and to dis 2 )(uise with the 2)reliminary 
02)erations which are essential for the manufacture of half- 
stuff, the chemical 2n‘ocesscs being left in the hands of the 
pul 2 ) manufacturers. 

The manufacture of straw cellulose is now p^’^t^titJally 
confined to Germany, hut small (2uantities of the Ideached 
straw cellulose are im2>orted because the 2 rful 2 ) im2)arts 
certain qualitii^s to ])a2)er which im2)rove it, notably in 
making chea 2 ) printing 2>a2)ers harder and more 02)a(2uc. 

]\Ii(’ros(!oi‘1(’\Ij Featuhks of Straw. 

The 2^apcr pul 2 ) obtained from straw consists of a mixture 
of short fibres together with a large 2^i'oporiion of oval- 
sha2)ed cells. The fibres are short and somewhat resemble 
esparto, hut the pi'esence of the smaller cells is a sure 



94 


MirROSOOPfr^L FE.VTtTIiES OP STP \W 

indication of the straw pulp. Tlu; li])res tlienisidves closely 
reseinhle the hhrcs of es])arto, ))iit as a rule the latttu’ 
are long slender fibres, while the straw lihre is very often 
bent and twisted or slightly kinki^d. 



Fio. 27.- Straw. 


The only method of distinguishing ludween straw and 
esi)arto is by examination with the microscope. There is no 
chemical reagent known which will produce a colour reaction 
on a paper cmitaining straw that will serve to distinguish it 
from a paper containing esparto. If such papers are gently 
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heated in a wenk solution of aniline sulphate a pink colour 
is slowly developed, the intensity of which is to some 
extent a measure of the amount of straw or esparto 
])resent. 

Straw and esparto are usually described in text-books 
under one heading, partly because the fibres possess strong 
resemblances in physical and chemical constitution, and 
partly because; the methods of manufacture are identical. 
At the same time the (jualities of the two pulps are so 
diflerent that they cannot be used indiscriminately, the 
one for the other. Straw cellulose cannot be; utilised in 
the place of esparto, particularly for light bulky papers. 
Hence in magazine and book papers containing a fibre wbich 
gives a pink coloration with aniline sulphate it is fairly 
safe to assume that esparto pulp is present. 



CJIAPTE]^ V 

WOOD ITM’ \ND WOOJ) IM'T.P I’XPFDS 

The i\rAN[TA( ri iiE of ^Ieciixnu xd Wood 

Wood (^oiivorttHl into ])u1|) for llio ijiamifiicturt' 

of j)ii[)oi’ hy lueihoils wliirh produtu^ two distinct varioties. 
The first is mi’chnuind wood pnip, so called hecaiiso it is 
made by a i)urely inoelianical process. Tln^ second is terniod 
(J(('mir(d wood pidp from tli(i fact that the miitorial is sub- 
mitted to clieiiiical treatment. 

(ironud W'ood a)id ('(ilnlosr. — Th(‘two varieties of pnlp 
sometimes distin^mislied l>ythense of the terms j^roiind wood 
and C(dlul()se. In tlie foi'iner case the, d(‘,scripti()n implies a, 
product consisting’ of pulp obtained by f^rindinf^ xvood into 
a fibrous condili(m, while in the second the word su^^gests 
a purified chemical product freed from the resinous and 
iion-librous constituents found in wood. Thi'- is, in fact, the 
essential dill'erence, for mechanical wamd pul[) consists of 
fibres which have; been torn away from wood by means of a 
grindstone ; it differs but slightly in cliemical com2)osition 
from the original raw material and contains most of the 
complex substances natural to wood. Chemical wood pulp, 
on the other hand, consist^ of fibre isolated from wood in 
such a manner thattlie complex non-lilirous substances are 
more or less entirely removed. The difference between 
these two pulps is shown in the following a^iproximate 
analysis of spruce wood, and of the pulp derived from it. 
The composition of the mechanical pulp is practically 
identical with that of the w'ood itself. 
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The uKoof iiUH^liiiuical wood pulp is f^^enevally con lined to 
tliG inannfaciiirc ol‘ nows, comiiioii ju'iiitin^s and packin^^ 
pap(U’s, cardboards, and ])o\boards. It possesses vtu’y little 
stnui^tli, quickly discolours when exposed to li^dit and air, 
and gradually loses its tibrous character. The chemical 
wood pulp is a strong tlbre, from which high-class papers 
can be manufactured, the colour and strength of which 
leave little to be d(isired. 

S}u'cieH of Wood. ■ The woods most commonly used for the 
manufacturt! of wood pulp belong to the oihUt Conife.ra*, or 
cone-b(!aring tropes. In Europe the spruce and silver lir 
are the chief six^cies, while in America spruce, balsam, 
])ine, and lir are emjdoyed. The harder woods, such as 
hemlock, beech, larch and others, are not converted into 
pulp by the mechanical jnocess, 

Tlmhvr Operations . — The tn^es are cut down in the early 
part of winter ])y gangs of men specially trained to the work. 
The organisation of a lumber camp when the operations are 
of an extensive character is very complete and carefully 
arranged, every detail being attended to in order to get out 
the wood as cheaply and expeditiously as possible. The 
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branches and small tops are removcjd from the trees when 
they are fallen, and the trunks cut into lo^s of 12, 1 1, pr 
ir» feet in lenp^th, and afterwards piled up on the hanks of 
the nearest river, or on the ice, ready for the breaking uj) 
of the winter. 

As soon as the ice breaks up and tla; rivers become 
navigable the logs are lloated down to their destination, 
in some cases hundreds of miles from tho scene of 
operations. Where rivers are not available the timber is 
brought out by horses or bullocks, or by mean.^ of a light 
railway. 

L()(f Cntt'noj. As the timber arrives at the mill it is 
carefully measured, both as to its diameter and length, in 
order that a recoi’d may he kept of the (piaiitity used. 
Some of the logs are i)iled uj) in the storeyard for use in 
the winter, and the remainder converted inU) pul]) day by 
day. The logs are first cut into short pieces a.bout 2 feet 
long by means of a powerful circular siiw, the arrangements 
for this \vork being devised so as to keep down the cost of 
labt)ui‘ as much as ])ossibli}. All waste pieces are thrown 
aside to be utilised as fuel. 

Barkjuif. - The bark on the logs bs removinl in one or two 
ways. Much of it is knocked olT during the transfer from 
the forest to the mill, but even then the wood retiuires to 
be cleaned. In Norway and Sweden the wood is treated in 
a tumbler or SLj^rkcr, while in America and Canada the use 
of the tumbler is i)ractically unknown. 

The barker consists of heavy iron disc fitted with 
knives, usually three in number, which project from the 
surface of the disc about half or threcMpiarters of an inch. 
The barker rotates in a vertical position, arid the short 
pieces of wood are brouglil one by one into contact with the 
disc in such a manner that the bark is shaved off by the 
knives. The machine is provided with conveniences for 
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pressing the wood against the disc and for turning the logs 
as they are l)arked. 

The nnichiiie is encased in a strong cast-iron cover, and 
all the bark sliaved off is carried away by the strong current 



Fig. 2S. — A l^iir of Parkers for removing Park from Logs 
of Wood. 

of air set up by the ra^nd motion of the disc, and 
subsequently burnt. 

The. tumbler system is (juite different, tn this case the 
short i)ieces are thrown into a large circular drum with hot 
water, and the bark taken off by the friction of the pieces 
as the drum rotates. The loss of material is of course less 



Kk; Viow of 1 [(jri/OTitui Uriiidei' (\), with Soolion 

fiU'hiro of ni(K;bniii(‘al or chciiiioHl i)n]|). As a ^aaioral rule 
the ])iee(‘sare taki'it indiserimiiiaie.ly for either process, hut 
soiiietiines the wood is sori.od out, the (de.aii stull fro(‘, from 
knots and hlemistios being reserved ffjr higli quality (diemical 
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(;W?/r/?»r/.-Tbe niain foatui^^ of the pjrindin^^ process is 
tlie.aUi'ition of tlui wood when held against the surface of a 
rapidly revolvitig grindstone, the fibres as they are rubbed 
off being instantly carried away from the stone l)y a currmit 
of water. A complehi description of tlie machines used and 
the modifications of the ])rocess practised by manufacturers 
is ini]K)Ssible in this boob, but tlu*. following points will be 
sufficient. 

The machine consists of a large grindstone about 
54 incluis in diameter, and 27 inches thick. It rotates 
in a vertical or in a horizontal position at a high s})eed. 
The stone I’evolves inside a ca.sing which is provided 
with a number of so called, into which the pieces of 

wood arc thrown at regular intervals, as fast as tlui wood is 
ground by tlu^ friction of tbe stone. 

A continual stream of water playing upon the surface of 
the stone washes away the pulp into a tank or pit below the 
machine. 

The (piality of the pulp may be varied by tlie conditions 
under which it is made. Ey limiting the proportion of 
water so that the wood remains in contact with the stone 
for a longer time the temperature of the mass in the pockets 
rises. Such hot ijraund pidp^ as it is termed, is tough and 
strong. 

When the fibres are washed away from the stone as fast 
as they are produced the temi>erature does not vise, and void 
(froiiml pulp is made, which is not characterised by the 
somewhat leathery feel of the^ pulp made at the highei 
temperature. 

The surface of the stom^ plays an important part also. If 
tlu! stone is smooth the wood is rubbed away sknvly, but if 
the surfac(> has been roughened and grooved by meatis of a 
special tool the fibres are torn away quickly. In the first 
case the pulp comes from the stone in a finely-ground state 



AVOOt) PT"LP AXT) WOOP PULP PAPER.S 


101 


and in a unifnrin condition, while in the second the pulp is 
coarse and chippy. 

The output of the machine is, liowever, much incinnis^ed 
hy tile us(^ of sharp stones and hy the a])})lication of con- 
siderable jiressure to the hlocLs of wood. 



Pig. ;J0. ---A Vorticsil (Srinder io)- making Ilut Ground Mocdninical 
Wood Pulp. 

Screniinff . — The mixture of water and pulj) leaving; the 
grinder falls into a tank below the stone, all large chips 
being retained by means of a perforat'd plate. The finer 
pulp, still too coarse for use, is then pumjied to the screens, 
which serve to remove all chippy and coarse lihi’es and 
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produce a imifoviii inaUivial. The ahalnuj sirre consists 
of a shallow tray, the hottoin of which is a ))ra.ss plate or 
serhis of ])lates perforat«ul with small holes or slits. The 
])iilp Hows oji to th(i tray, wHiich is kept in a stat(5 of vioh'iit 
ai^jitation, tin; iiiui ])ul]) passiii" throii^di tlie heh'S and the 
coarser piec('s workin^^ down to the lower ed<^(' of th(‘. tray 



Em, 31. — Centrifugal Screen for Wood Pulp. 

into a trough which carries them away. The flat ff or cn 
is somewhat different in construction, hut the princi])l(! of 
se})aration is the same. It consists of brass pi'rforahid 
plates forming the bottom of a shallow cast-iron tray, 
continually agitated by means of cams fixed to the under 
surface of the trays. 

The centrifugal screen is a cage made of finely perforated 




io:{ 

brass slieotiiijj; which devolves at a vorv high rate of spcHul 
iosido {I circular cast-iron vessel. Tlie |)ul]> ilows into tlie 
interior of the cage, the line lihres hcu'iig forced Ihroiv^h 
the screen I)}" tlie centrifugal action of the machine, and the 
coarsi' material is retaiiu'd. 

Wit /^c.ssw'ai/. 'File |ni 1[) leaving the scretuis is mixed 
with such a lurgi* qiiantii> of water that it is necessary 
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to conceiitmte it. This is effected hy nu*ans of the wet 
])ress machine (Fig. 11). The ]»nl]) and water are ])inu])ed 
into a wooden ho\ in wliich revolves a largi^ hollow 
(Iririi, the surface of this drum consisting of a line ware 
cloth of about hO or 70 mesh. The drum is not entirely 
immersed in the mixture, so tluit as it rotates the ])ulp 
(‘onus a skin or thin sheet on the surtaee. and the waUir 
passes away through the wire into the interior of the 
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hollow (Innij. Tlio drum C{irri<‘s tlio tliiii ^lioot out of the 
box and above ilie lev(‘l of tin; mixture until it comes into 
contact witfi an endle.ss l)lanket or hdt, whicli is ])ress(5d 
a^^ainst that j)art of the drum not immersed in tlu* liquid. 

Jly this means the thin sheet is transferred to tlu^ felt 
and C}irri(‘d between squeezing rolls to the finishing; rolls. 
The felt, carrying on its U])j)ei' surface tlie thin sIkh'I of ])ul}), 
passes h('tw(U)n two rolls, usually JG to liO incluiS in 
dianuTer, tlie upiuir being made of wood and the low’er 
one of cast iron. The ])ulp adlu'res t'« up})er drum and 
the fell ])assV-s round tlu' lower drum ba(dv to the box con- 
taining the mixture of pulp and water; the thin sheet is 
continuously wound on the ui>j)er roll until a C('rtain 
thickiH'ss is reached. 

AVhen tin's occurs the attendant reuu'ves tlu' thick slitiet 
by a dexterous movement of a sharp stick across the l‘ac(‘ 
of th(^ roll. Tin? wet pul]) at this stage consists of GO p(U* 
c(!nt. air-dry pulp and 70 per cent, of water. 

Uifdnuilic — The sheets iak(‘n from tlu* wet 

press machine are folded into a convenient shape and ])i]ed 
up, cou,rs(i pieces of sacking being ])laced h(dy\e(!n the shetds. 
At stated intervals tluj piles are submitted to pressure! in 
iiydraulic presses hi order to remove further quantitit'S of 
water, which slowly drains away through the sacking. In 
this way a mass of pulp in the form of thick fohhal sheets 
containing 50 i)er cent, of dry wood pul]) is produced. 

Tlie pieces of sacking are taken out and tlui sheets put 
up ill bales of any required weight, usually 2 cwt. or 1 cwt. 

Tnr: AIanufacti im of Chemical Wood PrLi>. 

Most vegetable libn^s are converted into pul]) by alkaline 
proct!ss('.s, that is by digesting the raw' material wdth caustic 
soda and similar alkaline substances. Wood may be tre^ated 
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in two ways, one of wliicli is the ordinary soda process, and 
the other an acid treatment requiring the use of sulphurous 
acid. * 

Preparniion of the JJ'noff — Tlu; logs of wood aia^ cut up 
and barked exactly as in tlu' case of median ical pulp. The 
short two-foot pi(H*es are tluai cut up into small flakes about 
one inch square and half an inch thick by means of a 
machine known a,s a chipper, d’his is similar in construction 
to a barker, consisting of a heavy iron disc rotating at a 
high speed inside a stout cover. Tli(‘ disc revolvers in a 
vertical position, and thrt‘e projecting knives .slice up the 
logs into Hakes. For this ])urpose the disc is provided 
with three slots which radiate fnun the, centre towards the 
circumference for about D2 inches. The knives can be. 
adjusted so that they stand up through the slots and above 
the surface of the disc t(> any ixjquired distance. 

In ord(!r to (uisure uniformity in the si/e of the chips, 
the practice is frequently adopted of sifting the wood 
leaving the chipper. The sieve is a large ski'.leton drum, 
the outer surface of which is made of a coarse wire clotli 
capable^ of ])assing all luecesof the si/.e mentioned. Larger 
chips and [ueces are retained in tlu', drum as it revolves in 
a horizontal ])osition and only fall out on reaching the 
extremis end of tlu^ machine. 

The IHprslers . — Tlu? object of boiling the wood under 
])ressure with chemicals is to dissociate the valuable hhi'ouH 
liortion of ihe plant from the resinous and non-librous 
portion. Tn this process the wood loses half its weight, the 
yield of pulp being about 50 jKir cent., and the remainder is 
dissolved out by the chemical solution. 'Fhe conditions of 
treatment ai’e extremely varied in character, the quality of 
the pulp produced varying in proportion. 

The digesters are either splujrical, cylindrical, or egg- 
shaped, being constructed to revolve at a slow rate of speed, 
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Flu. I’ulp DifrostPV, ])artly 

in ek'vatioii, partly in soction. 


or Vixod permanently in 
an upright position. 
Hplierical boilers are 
usually 9 or 10 feet in 
diameter, the cylindrical 
digesters being 10 or 50 
feet high and 12 or 15 
fe(it diameter, the larger 
01 l-eing capable of 
ta. mg 20 tons ul wood 
' r each operation. 

Tor the alkaline ])io- 
cess tlu* interi(.r of ilu^. 
digester does not nujuire 
any sjiecial tnjiitment, 
but \\ith the acid jirocess 
the inU'rnal portion of 
the boil(;r is carefully 
lined \\ith a thick layer 
of acid - riisisting brick 
and ceimuit. 

Tlu^ contents of the 
digester arii luiated by 
means of high-iiressure 
steam, which is blown 
direct into the mass or 
passed Ihrdugli a coil 
lying at the bottom of 
the vessel. In the 
former case, tlu* steam is 
condensed by tlie liipior, 
the volume of ^\hich is 
consequently incniasi^d, 
while in the latter case 
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the condensed steam is drawn oh continuously from tlu! 
pipes. J^hich sysieiii has its own particular advantages. 

Dijj'creid Kiii<h of ('he in ira I Wood Pul}). Accordin^^* to 
the method of treatin-ent so the qmility of the pulp varit^s. 
The chemicals usiid, the systtan of hoilin;^, the teiuperatiire 
of digestion, the strength of tlu; solutions, tlu' duration of 
the cooking period, and, last hut not least, the sptades of 
wood, are all dc^termining factors in the valiu; of tlu^ ultimate 
])roduct. 

^Soda Pul}). — This is j)rej)ar(Hl by dig<^sting A\ood with 
caustic soda iii i-(!Volving boilers for eight orlim hours at 
a ])ressure of bO to 80 lbs. 

Snlphair Pulp . — Prepared by digesting the wood with 
a mixture of caustic soda, sulphidci of soda, and sulphate* 
of soda. 

Snlphitc Pidp. — The j)r()cess nio.-t generally adopted for 
the manufacture of wood pulp is the treatment of the 
maJerial in brick-limal digestcu’s with hisulj)hite of lime for 
eight to nine hours at a piessun* of HO lbs. 

MUsrln'rlicJi Pulp. This is sulphite pulp jirepanMl by 
digesting the w^ood at a much lowei’ temperatui‘(i and for a 
longer pea'iod than tlui ordinary sulph t**. The steam is 
not blown dircict into the imiss of \\ood, and the })ressure 
seldom exceeds 15 or 50 lbs., the time of boiling occuiying 
45 to 50 houj-s. S(» called from the name of the inventor. 

Sidphiie Woixl Pulp. This name is given to pulp pre- 
pared by digesting wood with solutions containing sul- 
phurous acid, or salts of suli>hurous acid. The acid is 
produced by burning sulphur or c(;rtjiin orc'S containing 
sulphur, such as cop])er or iron pyrites, in special ovens. 
The most modern form of Oven consists of a cylindi’icsl cast- 
iron drum revolving slowly in a horizontal ])osition on 
suitable bearings. The sulphur is thrown at inUu’vals, or 
fed automatically, into the oven, the amount of air being 
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cart^fiilly re^rubtted to Jivoid the formation of siilplmric acid 
in the hiter stages of pre 2 )aratioii. The sulphur is also 
Inifnt in sUlioiiary ovens whicli consist of Hat shallow 
closed trays. 

Tlie hot sulphurous acid gas passes through j)ipos and is 
cooled, after which it is hi oiight into contiict with water and 



FuJ. .0 -View of ordinary Sulphur-burning (Tveus. 


lime for the production of tlie bisulphite of lime. This is 
ac(U)iiii)lislied hy one of two methods as follows. 

Tourr Sifstcm.- The cool gas is drawn into high towers 
usually built of wood, 7 or 8 ‘feet diameter, which are 
lllled with masses of limestone. From tanks at the top of 
each tow(a* a carefully regulated quantity of water flows 
down upon the limestone and absorbs the ascending column 
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of g IS, this being dmwn into the t()\v(ir from the bottom. 
The liiiKistone is simultaneously dissolvtul, ami the liquid 
^vhiell Hows out from tlu* j)i]K'.s a t the hoi tom of the tower 
eonsists of lime dissolved in sulphurous acid, together with 
a certain ])ro])ortion of free suljdiurous acid. This is 
generally Inunvn as a solution of l)isul])hite of lime. 

Tauh N/Asyca/.— The sonu'what eostly tower systiun has in 
many cases been .su])ers(‘ded by the use of a immlH',r of 
huge wooden vats, 10 to 12 feet diameter and 8 to U) f(‘(!t 
liigh. Thes(i tanks are 1 *i11(h 1 with water and a known 
(jLiantity of slaked lime. The gas is forced into the tanks 
by pressure or drawn through by suction, and the conver- 
sion of the milk of lim(5 into bisul[»hite of lime ])roce(!ds 
automatically. In order to ensure comjihite absorption tlui 
gas passes through the tanks in seric's, so that the sj>ent 
gases leaving the vats do not contain any appreciable 
amount of sul])hur()us acid. 

In order to ohtiiin luilp of uniform quality it is necessary 
tliat the li(]iior sliould be of constant composition. The 
formula dilTers in the various mills according to the condi- 
tions which are lound most suitable. 

Sulj^hili' 7P//c.s7cr,s-.- - The almost univi ’ -al form of boiler 
employed in cooking wood by tlie sulphite ]>roce.ss is a tall 
cylindrical vessel of about HO feet in height, and 11 to 15 
feet, internal diameter, lined with acid-resisting brick. 

This form^ of digester is capable of holding 20 tons of 
wood at one charge, yielding 10 tons of finished pulp. 

The chipped wood is discharged into the digcisters from 
huge bins erected just abov’e tlie openings to the digesters, 
so that the latter can be filled without any delay and the 
re([uisite quantity of sulpifite li(pu>r added. 

The manhole or cover is at once jiut on, securely fastened, 
and steam turned on gradually until the pressure reaches 
70 or 80 lbs., at which pressure the cooking is sttjadily 
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maintainod. The prof^ress of th(i operation is watched and 
samples of the li({Uor drawn from the ])()iler at intervals to 
1)(1 Uisted, so tliat the boiling may he sto))])(Hl when the 
results of the testing show the W’ood is sufticicuitly cooked. 

There is no special difliculty in this o])eratioii, jn'evided 
the necessary conditions are observed. It is imports, nt 
that the wood should be dry, and that the proi)ortion of 
sniidiite licpior per ton of dry wood should be constant. If 
the w’ood happens to Ini wet, due al!owa,nce must bii made 
for th(5 ('xcfiss water and a some,whi>i. stronger liquor used 
in order to* compensate for this. Other j)recautions of a 
similar character arc observed in order to minimise tlu^ 
dangiu* ('f an insutliciently cook(i(l pulp. 

HV/,s7//;q/, ' When the pulp has becji hoiled, a ])roc(!ss 
which geiK'rally occupies seven or eight hours, the stciim 
is shut otf and the contents of the boiler blown out inif; 
larger va,ts known as blow-out tanks, the ju'cssure of steam 
remaining in the dig(‘ster being sutheient to (uiipty tlu! 
softeiu'd j)ulp in a few minutes. .Much of the sptait 
sulphite li({Uor, now containing the dissolved i‘<isinous and 
non-iibrous portions of the original wood, dra, ins away from 
the mass in the tank, and then copious supplies of clean 
water are added in onha* to wash out the I’esidual lapiors 
which it is essential to remove. 

Numerous other devices are employed to (uisure tlie com- 
])lote w'ashing of the boiled ])ulp. 

Sr}r(’ni}i(f . — The iwoduction of a high-class pulp necessi- 
tates proper screening to eliminate coarse pieces of unboiled 
wood and the knots, the fatter not being softciK'd 
com])letely. The methods adopted vary according to 
requirements. 

For uniform clean pulp that can be bleached ('asily the 
material from the blow-out tanks is, after washing, mixcal 
wdth large quantities of water and run tln-ough sand traps. 
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wbit'li of loii^ shallow wide boxes }>rovi(lod with 

1 aide-boards to rtdain bnots and lar^e ])ie(‘es of 
unsoftened wood, tlie pulj) thus partially sen'ened being 
siibse(]iuint1y tr(!ated in the pro]>er screening apparatus. 

Sonu'tinies tlu^ wa.sb(‘d ]>vdp is sent dinn't to tlu' screens 
aiul the well-boiled 1ibn‘s sort(‘d out by a systi'ni of graded 
scre(Uis, wbicb separab' the coinpleUdy isobib^d libres from 
the bulk and r<d,ain the larger pieces, tluise ludng broken 
dow'ii in a, suitable engine and put back on tlu' scre»‘ns. 

The maebinory eui])lo\(Ml for scrcMaiing clumiical pul]) is 
identical with that used for the treatment o4 meebanical 
wood pul]). 

/-'o/as7/b///, — The, ordinary sul])bite ])ulp is woi’Ked u]) 
into tlu; form of dry sluads for the imirket and not sisnt out 
in a wet state as the meebanical wood. Tben* are several 
[)ra,ctical disadvantiiges in ])r(‘paring tlu* la,tt<‘r in a dry 
condition wbicb do not, bowiwer, occur with cbemical 
I'liip- 

Hence the pulp after lH‘iiig sci-eened is not ])r('ssed but 
submitb'd to a diffenMit ])rocess. From tlu‘ scnuais the 
mixtur(‘ of pul}) and water, the latb'r b(‘ing jiresent in large 
([ua,ntity, is i)ura])ed into a coiiccMitratoi . or slusber, as it is 
U'rmed, by means of wbicb some of ibe. water is taken out. 

The slusber consists of a wooden box divided into two 
com])artments by a vertical ])artition. In the hu ger com])art- 
ment a bollow' drum covered wi{b a line wire clotli revolves, 
the construction and ])ur]K)se of wbicb are ])recisely the same 
as that of the wet ])ress maebine used for meebanical })ulp. 

As the drum revolves* the ))ul]) adheu's to the oubir 
surface, while tlu^ water })asses through the wire cloth, 
The drum is not com])l«tely immersed in the mixture, so 
that the skin of pul]) is brought out of the water by tbi; 
rotation of the drum. AVben this takes ])lace the contact of 
a wooden or felt covered roll which revolves on the tof) of 
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the drum causes the pulp to be transferred from the drum 
to the roll. The wet pulp is continuously scraped off by an 
iron bar or doctor, as it is called, resting on tin; surface of 
the roll, and it finally drojis into the second compartment 
of the slusher in a more concentrated form ready for the 
drying machine. 

Driliuif . — The mass of wet i)uli) from the slusher is con- 
veyed into a circular reservoir or stuff choit, which serves to 
su])ply the machine used for converling the pulj) into dry 
slUHits. 

Tlu! machine is to all intents ami purposes a Fourdrinier 
])aper machine, and the ])rocess is similar to that used for 
the manufacture of pa.])er. The pul]> liows in a continuous 
stream on to a horizontal endless wire, which carries it 
forward as a thin laym*; the water drains through the 
meshes of the win;, further quantities h(;ing removed by 
suction boxes, which draw aA\ay the waUa* by virtue of the 
vacuum ])roduced by spcicial ]Mimps. The wet sheet then 
])asses between the couch rolls which com2)resB the jmlp, 
squeezing out more water, and then tlii*ough press rolls, 
which finally give a firm adherent sheet of j)ul]) containing 
70 per cent, of water. The sh<‘et is dried by pjissing over 
a number of steam heateil cylinders, which cause all the 
moisture to evaporjitc from the ])ulp. At the end of the 
machine the di-y jiulp is ,cut u]) into sheets of any con- 
venient size, and jiacked up in hales of two or four cwts. 

Mitschcrlich Sulphite Pulp . — This term is apjilied to 
sulphite wood jirepared by submitting the chijiped wood 
to a comparatively low jiressure for a long period. The 
wood is placed in the stationary upright form of digester 
with the requisite amount of liquor, and the heating pro- 
duced by the jiassage of steam through a leaden coil lying 
at the bottom of the digester, so that the steam does not 
condense in the liquor but in the coil, from which it is 
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drawn oil. Tlio pn'ssuro .seldom (‘xna'ds 45 lbs. luii tlu^ 
duration of the (‘ooki)i;j; is thirty-six to t'orty-c'ii^lit houvs. 
The hoih'r is not (‘luptied under ])ressure, hut the pulp is 
discliar^od from tin* diiijestiu’ after tlie [)r('ssure has h(‘en 
lowere<], and tlie manhole taken oth I’lie contcaits are 
usually sliovtdled nut hy the worknuMi. 

Tile pulp is ear(d‘u]ly washed, scretaual and made up into 
wet sheets on the ordinary wet i)i'(‘ss maehine. This })ulp 
is never dried on the l^’ourdriiiier liK(‘ iIk* comimm sulphite, 
as its special (pialities can oidy he ]>reserved l^v the treat- 
ment described. This j)!!!)) is particularly suitable for 
parclimeiit papers, ^reas(‘ proofs and transparent j)aj)ei‘s. 

ll'oixl /h///a- ddie chipp(i(l wood is boiled in 
stationary or nwolvin*^^ )li'f(‘stei's for ('i^^ht or nine hours at 
a prt^ssure of 71) or HO Ihs. A solution (;f caustic soda 
is employed, about Ih to 20 pel- comt. of the weight 
of the wood ladn!:^^ added to the contents of the di^Uister. 
Live steam is blown direct into the mass, and afho- the 
operation the speoit lapior is carelully kcijA for subsequent 
treatment. The pul]> is waslujd in such a manner that the 
amount of w’ater actually used is ke])t (h'W'o to th(i smallest 
possible voluiiH! consistent will) a complete removal of 
soluble matters. This is done in order that the spent 
liquors may he treated for the recovery of the soda. 

Jlccorcrii of Sjn'nt Limoni . — AVhen wood is cooked hy the 
soda and suiphate processes the solutions containin;:j the 
dissolved or^ainic matter from the wood can lie evaporated, 
and the ori^dnal chemical recovered. In the case of soda 
pulp the method of tj-ealment is as follows : the spent 
liquors and the washings are evaporated hy means of a 
multiple elTect vacuum apparatus to a thick syrup. The 
concentrated liquor produced is then burnt in special 
furnaces, all the organic matter being consumed, leaving a 
black mass which consists mainly of carbonate of soda. 
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The lOiiHH is washed with water to remove the earbonate 
whifdi is afterwards converted into caustic soda by being 
boiled with linn). 

The spent liquors from the sulphite process have no 



Eio. 35. -Sprucfj Wood Pulp, 


value, for they cannot he recovered by this method. At 
present the whole of the sulphur used and the organic 
matter dissolved from the wood is lost. This means the 
loss of iibout 250 to 050 lbs. of sulphur and nearly 50 per 
cent, of the weight of wood for every ton of pulp produced. 





Mochwmc'wl Wftwd l‘ulp. 

irregular si i ape and size, i^iixed with a larne proportion of 
Btrnetureless ])articKs, all heai in^^ evi»ience of having been 
torn apart and separated I)y niechanieal methods. The 
chemical pulp, on tlie other hand, consists of fibres isolated 
by a process which preserves them in perfect condition and 

1 *2 
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form. The j)ulp from tlie various woods can he differentiated 
bymiinute details in lihre structimi, sonui of the woods being 
determined froiii tlie presence of characteristic cells. 

The use of aniline suljdiate can also be resorted to, and 
for microscopic work the most useful reagent is a mixture 
of zinc chloride and iodine. This produces an intense 
yellow colour with nuichanical pulp and a bluish colour 
with siilidiite and other chemical wood pulps. 

The 1>aij.y Newspaimor. 

The newspa.])ers of the prestujt day are made almost 
exclusive.ly of wood pulp. The use of the latter material 
for i)aper-makhig has steadily increas(id from the date of 
its introduction about a.d. 1H70, when wood ])ulp was 
im]>orted into England in consideralde (juantities. 

News and cheap printings consist of mechanical and 
chemical wood pulps mixed in varying ])ro])()i“ii()ns deter- 
mined chi(-tly by the price i)aid for the linished ])a])er. Tn 
some cases the i)roportion of mechanical wood ]ud]) is as 
much as 85 per cent., though the average comi)osilion of a 
cheap wood pai)er is represented by the following ])ro])or- 
tions: Mechanical juilp, 70 per cent. ; sulphite pulp, 20 per 
cent. : lojiding, 10 per cent. 

Some idea of the enormous quantity of material used for 
the daily press may be jutlged from one or two (examples. 
A certain popular weekly newsi)a])er having a*cii c,ulation of 
one and a quarter million copies i)er week reciuires every 
week 137 tons of paper produced from 170 tons of wood. 
A popular halfpenny newspaper boasting a circulation of 
about one-half million caques per day consumes 185 tons 
of paper manufactured from 230 tons of wood, every week. 

It is easy also from thes(‘. facts to estimate the amount 
of timber which must be cut down to sui)ply the demand 
for newspapers and cheap printings. 
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Tlio iminnfaciiiro of iuuvr calls for coiisidorabU^ skill and 
able niana^^^enuait, ()win<j[ to tbe keen competition amongst 
tbe ])aper mills dt'votod to tliis edass of paper. The process 
as carried on in J'bi^land is as follows : — 

'riifi mechanical jnilp, n;acbiii^^ tbe mill in tlu^. form of 
thick sb('(^ts suitably pack(*d up into babis, is iiist broken 
up ji^^ain into moist ])ul]). Various macbin(‘s arc uscul for 
ibis, such as Wurster’s kneadin;^ en^im^, Coriuitt’s brt'iiker, 
or some similar contrivanct!. An old ])otcber, su.di as is 
used for tbe br('akinfJt and washing o*’ ra^^s, makc'S a fjood 
pulp disiut('^frator. Tbe broken pulp .'s disebar/^uid into 
beatinj^ en^nnes in any suitabb^ or convcniiMit maiim'r and 
tbe. rij^dit jiroportion of cbemica.1 wood ])ul]> added in tin) 
form of di’y sheets. Tins beating proccjss only occiijiies 
thirty to forty minutes in tb(‘. (*ase of tbe common news, 
a marked contrast to the ei^bt or nine hours j’eijuired by 
raf^s. (!bina clay is added to tin' eontenls of tlui beab'r, 
ten to twelv(! per ciait. Ix'in;^ tbe ^om(‘.ral prac'tice. This is 
followed by a measund (piantity of rosin si/a*, and afbu' 
tboi’oii^di incor])oration tbe, si/a* is pHicijiitated upon tluj 
iibres by means r)f alum. 

In tbe coiiimoiier (jualities of these papers tbe mate.i’ials 
art! lubbul in tbe dry state, but for tiner orjKics of news- 
jiajier tlu', china clay is mi\e.d v»itb water, and cand'ully 
drained Ibrou^di a iiiu! sieve beforg us(‘. 'I’lie alum cake is also 
dissolved amiti e.att'd in a similar manner in oi'der to kei'pout 
dirt and coarse jiavticbis likely to jiroduce boles in tbe pap(>r. 

Tlu* paper machine used for the manufacture of clieap 
printin<,;s is construcbal to produce as much as 100 to JHO 
tons of finished pajier [u-r \\(M*k, ('Viaw <letail Ix'in;^ arran^aal 
for a lar^r* output at a vi'ry bi^b njieed. In tbe modern 
macbiiu! it is possible to ])roduce j)a]M*r at Uu*, rate of 
150 to 550 feet jier minute, the width of the sheet being from 
120 to 160 indies. 



ns TIIK MANITACTUI^K OF PAPEE 

Ciinifiil attention is ])ai(l to economy of ('V(‘rv kind with 
re^jinl to tlie ])o\Y<‘r nMjuinMl for drivinpj the inacliine, the 
amount of steam consunu'd in di xin^^ilie paper, recovc'i'y 
of (‘\ci‘ss of lihre and (diina. cla,\ which esca})('S from the. 
Uiacdiiiu; wire, ami similar details of a mechanical order. 



Fl(i. Jo. — The SorooTis for reinovinji^ (Varse Fibres from Beaten 
hul]). 


Tli(‘ heaieii pulp, aft(‘r heino sized and coloured, is 
discharpjed into liiif^e circubir Erick tanks, or stuff chests, 
two of which ar(' found witli eacli jiajau* machine. The 
sup])ly of pulp and water for the machine is taken from 
one stuff chest while the second is being filled up from the 
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l)Cfitiii^ ('npjiiu's, in ortUii* to socuro a mixtiiiT of coiiKtant 
cojiipoHition. 

Tlui pulp is punpMul from tin; stiilY cliost into a small 
rogulaiiii^ box ])la(‘(Ml jibovo Ibo immliiiHi wire, and Ibis box 
is lv(‘pt foil of bcaiioi ]nilp so that tlu; supply of pulp and 
\vat(a' to tlui nuudiiju! is jx'ru'ctly constant. The pul]), 
diluted A\itb tbo propi'r (]uantity of harh-ndlcr, is carefully 
strained tlirou^b rotary screens and allowed tollow through 
a distributing box on to tbe niacbim* wire, wdiere it lapidly 
forms a sluu't of paper. 

Tbe (‘xcess of water, toged^ber with a certain proportion 
of line fibre and china (day, falls throiigli tlui win', and is 
caught below' in a shallow box, called tlu' savti-all. This 
ln(('h-irat('r, as it is called, is used ov(!r again for diluting 
tbe beab'ii pulp to tbe right consistcaicy, as alre-ady 
ek'seribed. 

Tbe wliob'. of tlu' water obta,in(Ml in this way is not all 
utilised in tlu' rt'gulating l)ox, and a,ny sur])lus is ])um])ed 
up continually into large store tanks and usi'd in the 
beating emgines for breaking down the dry pulp. 

Jn many cases, where a large (juantity of watei' is used 
on the mad liiK', special methods have to hi* a.do])led for tlu' 
r(',covt‘ry of all the libre and clay, which would otherwise 
be lost, and there a.r(‘ many ingenious systems in use 
whereby this saving is elYecU'd. 

The most usual practice is to allow tlu* excess of w^ater, 
which contains from 8 to 15 lbs. of suspc'iule.d matter ])er 
thousand gallons, to ilow' through a series of brick tanks at 
a slow rate of speed. The 'clay and fibre se,tll(‘ to the 
bottom of the tanks, and the watei* passi's away from the 
last tank almost clear and free irom fibre and loading. 

The drying of the moist paper leaving the pn'ss rolls of 
the machine is effected in the usual manner by means 
of drying cylinders. On account of the great increase of 
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6])(*i‘d at wliicli ib(^ ])aper is prudiicod, the niiinlaT of dry- 
ing cyliiid('.i\s lias also boon incroasod, and at tlu' prosoiit 
tinio a niacdiiiu! of this d(‘seriptioii is providiul with 2H*or 
8‘2 cylmd( 5 rs, tbo object Indiig to dry tbe ])apor i-conomically- 

Mixuianical Wood PrLi* in J'apkr. 

Tbe pres(‘n(M' of iiu'dianical wood ])ulp in i)ap«a* is 
d(‘t<^ct('d ])y iiKians of sevc'ral naigiaits, wbieb produce a 
d('linit(^ colour wben a])plied to a sheet of ])a,})er containing 
mecbanical wood. Tlu^ d(‘i)tb of colour obiafiuul indicates 
ajiproximately tbe percentage' pn^sent, but considi'rabli' 
practice and exjK'rie'iiee. is lU'cessary to inler])ret tlu! colour 
exactly. A more reliable' metbod of estimating tlu^ ])('r- 
c('.ntag(i of mecbanical wood in a pajKir is by microsco[)i(; 
examination. 

dlie reagents wbicli can be used are— 

( 1 ) Nifrir .|r/d.- This produces a brown slain on tbc'. 
paiu'i*, but it is not a desirable reageuit for oj’dinary ollict' 
purpoH(!S. 

(2) .-lai/b/c /Sa/pZ/rt/c.— A solution of tbis is ])repar(!d by 
dissolving 5 ])arts of aniline sul))bat( in 100 ]>ai*ts of dis- 
tilled water. AYbtm applied to tbe surface of news a yellow 
coloi-ation is produced, more or less intc'.nse according to 
tbe amount of mecbanical wood prcsseait. It can only be 
us(;d witb white pa])ers, or ])a])ers very slightly toned. 

(;^) Pldorofflnrinc.- -Y]n^ sensitive reagi'ut, which gives 
a I’ose-pink colour wben brushed on to tbe surface ol tbe 
papei', is prepared by dissolving 4 grammes of pbloro- 
glucine in 100 c.c. of rectified spirits, and adding to tbe 
mixture fiO c.c. of jiiin? cfjnciuit rated bydrocbloi i(5 acid. 

There are seviuail other aniline compounds which give 
colour reactions of a similar character, but they are not 
often used. Tbe pbloroglucine reagent fails as a test for 
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ineclianical wood in i)ji])orH which havo been dyed with 
c('riain aniline colours, for (ixainide, metanil yellow. 
ra^X3r which has Ix^en coloured with this dye will, wh(;n 
]iioist(3n(id with tlie jddorofrlnciiu^ rca^Xiiit, fjjive an intense 
])ink colour, even if no imjchanical wood is ])resont. Tliis 
is due to the fact that the dye itscslf is acted iquui hy the 
liydrochloric acid in tlu; test |■(^a^ent. The same colour is 
])roduc(3d on the ])ai>er with liydrochloric acid per sr. 

There is little dilliculty in distinguishing hetw(ien the 
colour arising from the ju’esence of such a dye, because 
the elfect is* install tam!Ous, whereas the coloration due 
to inechaniciil wood dev<*lops gradually. Aloreover, tlie 
reaction due to the jiresence of metanil yiillow gives a 
perh'ctly even coloured surface;, wluireas with mechanical 
wood ])ul}) the lihres appear to be more deeply stained than 
the liody of the jiapc'-r. 

Output of a Paper Maehine , — The quantity of paiier 
which can he produced on the paper machine is readily 
calculated from the following data.: — 


S])eed of machine in feet jier minute F 
Nett deckle width in inches /> 

Width of sheet of papisr in inches IF 
Length of sluiet of paper in inches L 
Number of sheets in ream S 

AWiglit of paper pyr ream Ji 

The general formula for the outjnit of ])aper per hour is 

X F X 7> X 1! 

Output in lbs. per hour — s x 7 X IF 

AVhen the number of slujets in the ream is 48U, this 
formula simjiliiies to « 

X P X F X O 
L X IF 


Outiuit in lbs. per hour 


The term “ nett deckle width ” applies to the width of 
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Fio. ;39.— Paper Machine s}jo^^iTlg "Wire, Trees Pvolls, and I)r 3 iiig Cyh’ ders. 
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the trimmed finished paper at the" end of the machine. 
The formula takes no account of the allowiince required for 
tiimiuinfj; edges. In most cases the deckle width of the 
machine is ai’ranged so that the paper is cut into stri])s of 
e(jual width when Iciaving the calenders, e.//., a deckle of 
HO inch('-s will give 4 sheets, each ‘20 inches wide. 

The method by which the general formula is obtained 
may be cxplaiiuid by an example. 

Wbiit is the output of a macbiiu) having a spcnul of 
100 f(;et ])or minut(‘, with an HO-inch deckle, producing a 
sheet of paj-ffii* ‘20 inches by 80 inches, weighing 80 lbs. per 
roam of 4H0 sheets? 

The machine i)roduc(^s ev(^ry minute a sheet of paper 
100 feet long {ind 80 inches wide. 

Hence output per minute in square inches 
= 1‘2 X 100 X 80. 

Output per hour in square inches 
= (H) X 1‘2 X 100 X 80. 

Now each (20, x 80 X 480) square inches is area of 
one r(!am. 

Outj)ut of pai)cr per hour in reams 

_ no X 12 X 100 X 80 

— 480 X 80 X 20 ' 

Output of paper per hour in lbs. 

_ 7‘20 X 100 X 80 X 80 

— 480 X 80 X 20 
= nOO lbs. 

The general formula may be applied for the purpose 
of calculating the speed at wh^ch tlu; machine must be 
driven. 

Example . — A machine with 75-inch deckle is required to 
produce G cwts. per hour of a paper 25 inches by 18 inches 
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(500 sheelR), \V(u<T]iiii^ IP lbs. to the ream. At wliiit s])eo(l 
is the macliiiK^ to bo drivoii ? 

Output ill lbs. ])VY hour 

_ 7‘2() X F X /> X 11 

“ )S' X L X ir 

pr,,) _ 720 X F X 75 X 10 
“ 500 X IS X 25 

F = 148 foot per minute. 



CHAPTEK VI 

r>HOWN VAPKIiS ANI» JiOARDS 

ConniKw Jirouits. — Th(5 raw iriaterial used in the manu- 
facture of c*oiumon brown papers is chiefly jute and waste 
fibres of every description, such as waste cuttings from 
boxl)()ard factories, old papers, wood pulp refuse, and other 
substances of a like nature. The jute, in tlie form of sack- 
ing or old gunny bugs, and the hemp refus(!, in the shii])e 
of old ro])(^ and string, are subjected to a sliglit chemical 
treatment just suflicient to isolate the fibres to a condition 
in which it is possible to work them up into paper. The 
bagging and string Jire cut u]) in a rag chopper and boiled 
in revolving boilers with lime or caustic soda for severed 
hours at a pressure of 20 — 80 lbs., the lime being used when 
it is desired to manufacture a harsh paper, and the caustic 
soda being employed for tlie production of paper having a 
softer fe(i]. The pulp is not alw^ays washed very com- 
plet('ly after the process of digestion, as is the case with 
white papers, and it is oft*en possible to exti'act from brown 
pa])ers of this class a considerabh; proportion of th('. alka- 
liiu^ matter which has not been thoroughly removed from 
the boiled pulp. The presence* of this alkaline residue does 
not afh'ct tlu' quality of ordinary brow'ii paper, but is 
frequently a serious defect in the case of middles or straw 
boards, which are afterwards utilised for boxes and covered 
with coloured papers, llic colour of the paper pasted on 
to such incomi)letely wxashed boards is frequently spoilt by 
the action of the alkali when moistened with the paste 
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used, many aniline dyes bein^ susc(‘|>tiblo to the small 
proi)ortion of alkali proseiiL 

The stronger materials, such as jute or old rope and string, 
are either used by themselves or bbaided witli inferior raw 
material according to the qualitv of the ])ci]K)r hcang mad(‘. 
The jute and liemp fibres are generally beahai by tla'insi^lvc's 
in the engine before the other materials are added. Tlu^ 
pulp is mixed with the nujuired amount of loading, while 
the sizing and colouring ojierations are carried out in tlai 
usual way. 

Tile common brown jiajiers ai*(5 known by a variidy of 
trade names which at one time indicated the nature of tlie 
fibrous constituent, hut at the ])r(‘sent day the name is no 
guide or indication of tlie material use,d for tlu! manufacture 
of the pajier. The common heavy brown used for wrapping 
sugar and sundi'v grocei'ies made, m lu^avy grey and blue 
shades is a coarse jiajicr made from cheap materials and 
containing a large jirojiortion of mineral maitoj*. It is 
usually supplied und(!r the trade nanu' of roiiaJ. 

A somewhat lighter and stronger wrapping ])aper of a 
white or buff colour, used forwrajiping groceries, tea, and 
cotton goods, is that known as t’lmiujH, a name probably 
derived from the aiiplication of this paper originally to the 
lining of cases. 

Manila paix'rs so called wer® originally made from 
rope, but the •term is now applied to papers which may be 
made entirely of wood pulj). 

iiopc hrowns are common jiapers made of fairly strong 
material of a miscellaneous characha*, this name having 
been derived from the fact that rope and similar fibre w^cre 
at one time used exclusively. 

Wood Pulp U'ra2)])ers . — Most of the papers of the present 
day are made from wood pulp, this material giving a thin, 
light, tough paper, which is pleasant to handle and forms a 



128 


THE MANHFAOTURE 01*^ jV\?KK 


great contrast to tlie dense, opaque, heavily loaded, and 
iiliirtistic specimens produced some years Jigo. Pai)er of 
this kind, though a])i)arently inon; expcaisive than common 
browns, is really mor(! (‘conomical in use. TTk; pa})er is not 
only stronger, hut it is possible to obtain a larg(5r number 
of sheets for a given weight. The great advantuge in the 
im])rovem(ait of brown papers dates from tliii introduction 
of the now well-known kraft papers, which are of compara- 
tively recent origin. 

Krait ]*ajjn \ — The term Kraft, meaning “ stiumgth,” is 
applied to a remarkably strong cellulose paper pnqjared from 
spruce and other coniferous woods by the soda treatment, 
the special feature of the process being an incomplete 
digestion of the wood. 

The ^^ood pre.viously chipped into pieces 1 inch to H 
inches in length, is boiled with caustic soda, the digestion 
being stopped befor(5 the wood pulp has been quite softened, 
and while the ]nd]) is still too hard to be bioken up into 
isolated iibrcs by simple agitation in water. The pulp after 
thorough washing is disintegrated by means of an edge- 
runner, or some form of breaking engine, the first mentioned 
probably giving the most satisfactory results, and converted 
into pai)er by the usual methods. 

The W'ood can also be reduce.d by the sulphate process, in 
which case the chipped wood is boiled in a liquor to which 
about 25 per cent, of spent lye from a previo.us cooking is 
added. 

The best results are obtained l)y attention to the cooking 
process to ensure an under-cooked pulp, by careful isolation 
of the fibres in a kollergang, or edge-runner, which machine 
is capalile of separating the fibres without shortening them, 
and by propei’ manipulation on the paper machine. 

The paper produced under favourable conditions in this 
direction is wonderfully tough and strong and may be 
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quoted as tlii' most recent (‘xann)le of tlu; fact that the 
latent possihilitit^s of wood juil]) have hy no means Imen 
exhausted or ev('.n tliorongldy investij^ated. 

Jnutafioji Kraft raprr.—U wood is hoih'd hi water at 
hif,di temperatures the fibre is softened and nimdi of the 
n^sinouB matter is nnnovc'd. Sucli wood, if ‘jjround in tlu 
same wa v and hy the sauu^ imdhods as ordinary media, nica.1 
wood pul}!, is H'adily disinte;;rated, and a lon^-tihred pul) 
may lie ohtaim'd. Tlu^ ))rocess of luu’Iinp; short feet logj- 
of wood in a, digester und(‘r a iir(ssu'*e, of 50 Ihs. hah 
lonf 5 been known. The wood after boiling]; is pa,rtly waslied 
and then worked uj> into |)uli> liy the usual nuichanieal 
[U’oeess. Tlni wood is easily ground and yields pulj) con- 
taining long lihres whidi in their |)hysical ]>ro[Kirties 
(dosely resemble those, of juire wood cellulose, hut the 
original constitmuits of the wood are present almost 
unchang('d, just as in UKsdianii'a! juilp. The product 
obtained hy grinding is a, viay tough tlexihh' mat(!i*ial of a 
brownish yellow' colour, and the j)a)>er is known as Xafnrr 
hroirn. It is chietiy us(;d for the iireparation of tough 
jiacking pa.])(a s, for the covers ol (du'ap ])oc,k(it-l)f)oks, and 
other miscellaiKfous |mrposes. When tln^ brown nu'chanica.! 
wood pulp jaiper is glazed on both sides it is tlien known as 
achre (}la:v(l, the word ochre refe,rring to the colour. When 
made up into light w'eight payee's it is sold as iinitaiion 
krajt papers 

A great variety of wTajiping ])a))ers are now made from 
wood pull), such as sralinii>i, anl/tlulc hnarnfi, nuDiilas, Hulpttiir 
caps, but the distinctions between these, papers redate chiefly 
to the amount of finish, the colour and isizij of tlie sheet. 
The methods ot manufacture only differ in sma,ll details as 
indi(;ated liy these distinctions. 

Fine Wrappiups . — The papers ustid for ))acking small 
goods such as silver ware and other dedicate articles are 

p. 
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generally tisKues, the better qualities of which are made 
fr(>»n rag, and the cheaper qualities from wood pulp. 
'J'lies(i papers are known as tissue, crepe, crinkled tissue, 
inanila tissue, and hy a variety of trade terms. 



Fk;. 40.— Single Cylinder or Yankee IMaehine. 


Many of the line wrappings of the tissue class and the 
somewhat heavier papers known as M. G. C^ips are manu- 
factured on the single cylinder machine, which produces a 
j)aper having a highly polished surface on one side and a 
rough unglazed surface on the other side. 

In the single cylinder machine the beaten pulp passes 
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from llie slulT-t'liosi on to tli(^ wire of ilif' ordinjirv Fonr- 
(Irinior macliiiKi and tliron«^di tho ])n'ss rolls, hut inst(‘iul of 
luiin^ dried over a nnnilxa- of evlijuU'rs 1lu‘ juipt r is led 
()V(a- one sin^de cylinder of very larj^o diameter wldeli is 
tioa.t(‘d inttM iially willi st(‘am. 'rii<‘ ])a|H'r is usually pressed 
against the siirfaee of the eyiimh'r hy means of a. In^avy 
felt, which is, ho^Nt'vm-, sonnet imer. omitted. Tlu' sid(M)f th^ 



Tk;. tl. — Section of Vv"et ]*n*ss, oi r.o?nd Macliiiie. 


paper comin^r into contact with thec^linder IxronKiS In^dily 
polished, the surface in cmitact with tlie hdt remaining in 
an unfinished ron^di conditimi. This i)aper is said to he 
machine plazc'd and is hnown as an M. (I. ])a])er. 

Boards . — C’ards, niillhoards, iniddh^s, hoxhoards, carria<j;e 
panels, and similar paper pi-odncts are manufactured either 
on a siiifjlr iutiird marhinr, hy means of wliicli sin^de 
sheets of an\ iXMjuijcd Ihickiiess can be obtained, or on a 
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cou tin NOUS ixurnl machine, Avliicli is capablo of jiroducing 
ciirjs and jdaiii or duplex ])oards of moderate thickness. 

Tlie Yiiw material used consists, as in the case of browns 
and ^^ral)pe^s, of ev(U'y conceivable librous substance mixed 
with mineral matter and then suitably coloured. The 
})n!liiniiiary pn)c<‘sses for the treatment of the i)ulp are 
•exactly the same as those em])loyed in the case of brown 
papei-s up to the point at which tbe beatin^^ has been effected. 

SiNcna^ ]>oAUi) ]\rA(jinNE. 

Tlie Ix^aten ])ul]), diluhul with lar<^e quantities of water, 
is ])umpe(l continuously into a lar^^e wooden vat of rect- 
anf];ular shai)e. Inside this vat revolves slowly a hollow 
cylindrical drum, the circumference of which is covered 
with ^a,uze of tine mesh. The drum is not completely 
immersed in the mixture of pulp and water, so that as it 
revolves the water passes through the wiie, while the ])ulj) 
jidlu'res to the sui’face. The wa.ter Hows rep;ularly into the 
interior of the drum and runs away through pipes litted at 
each side of the vat near the axis of the drum, and th(‘ pulp 
is brought up out of the wah'r until it comes into contact 
with a travelling felt. The thin moist sheet of pulp 
adheres to this felt, pass('s through squec'zing rolls which 
remove part of the water, and is finally carried between two 
wooden or iron rolha-s of lasgc diameter. The pulp adheres 
to, and is wound up on tlu; upi)er roller, the* felt being 
carried back by the lower roller to the vat. When the 
sheet on the ui)per roller has attained the desired thick- 
ness, it is immediately cut off and transferred to a pile of 
similar sheets, a ])iec(^ of coarse sacking or canvas being 
interposed beU\cen every wet hoard. 'Plie dimensions of the 
full-sized board are determined by the diameter of the upper 
roller and its length. A roll 7 1 inches wide and 14 inches 
diameter will give a board 74 inches by 44 inches. 
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As sooTi as a siitlicioiit numhor of \\('t hoards lias hoeii 
obtained they are siihiiiittod to prossiiro in ohUm' Io r('nft)Vo 
ilio e\c(3ss of water and at the same tiiin* c'oinjil-es.s tiu' 
material into dense iioavv lioarda. pieees (^f sael^in^^ 

are tlien taKtai out and t.h«‘ hoai'ds dried h\ (‘xpoMire lo jiir 
at the 01 ‘dinary teiiiperaf ur(“ or in a h(‘at(Ml ('hanilua*. 



VI. - Double rvlindoi IliKiru 


The dried l)oards are iinislied off hy^da/ani^ rolls. 'rh(iS(! 
rolls eompr(‘Hs tlie hoards still further and imparl a, polislual 
surface. The amount o4 “ finish '' may ))e varied hy tin; 
pressure, nunihor of rollinfjs, tem]H‘ra,tiire of the rolls, and 
hy damianjjj llie surface of the dry hoaids just hefon^ they 
are f^lazed. The hoards are cut to standai’d sizes hefore or 
after J^dazing. 


Duplex IhiaiiU.—li tlie single ])oard machiiHi is fitted 
"witii two vats insteiid of one, it is possible to niainifacture a 
board with (lifferent coloured surfaces. A board coloured 
red on one sid(j and white on the otluir is manufactured by 
having oiui vat full of pulp coloured red and the second vat 
full of white })ul|>. Tlui thin moist sheets from the two 
vats are bi-oiighl tngetluu* and passed through the glazing 
rolls, which cause the moist sheets to adhere (dosely to one 
another, the double shee.t of pulp so formed being wound up 
on the rollers Jit the end of the machine. The hoard is then 
dried, glazed, and finished in the usual way. 

Th(' same principle is occasionally adopted on tlu* 
Fourdrinier machine for duplex wrappe.i’s. Thus a 
common brown pulj) is worked up in conjunction with 
a dyed pulp to ])roduce a brown iax])er having one surfacie 
of good pa])(a- suitably coloured. The brown puli) liows on 
to the wire of the pap(-r machine', and after it has been 
deprived of part of the water at the suction boxes, a thin 
strejim of coloured pul]), diluted to a ])ropei* consistency, 
llow’s from a, shallow' trough, ])laced across and above tlui 
wire, on to the W’et brown w'eb of ])ai)er in such a iminner 
as to C()m])letely cover it as a thiri even slu^et of coloured 
l)ul]). d'lui adhesion of the latter to the surfac(j of the 
brown ])a])er is practically perfect, and the weight of the 
. couch and press rolls ensui'es uniform felting of the fibres. 

d/e/d/c,s.— This term is applied to a thin or thick card- 
board made of common material, the colour and appearance 
of wdiich is of little importance for inferior goods. 
Boards of this kind are covered suhsecjuently with papers 
of all coloui's and (pialities, and the origin of the word 
“ middle ” is easily seen. The manufacture of a board 
consisting of two outside, papers of good material and a 
middle produced from common stuff is effected by the 
eontinuous boxhoard machine, unless tlie board is too 
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thick to he passed over drying; cylinders, calendered, and 
reeled, in which case the hoards are produced on^an 
ordinary wet machine and the paper pasted on the surfac(5 
of the dry board. 

The term is, however, now also a])]died to a common 
paper made of mechanical wood pulp with perhaps a little 
chemical pulp, used for tram tickets, cluiap advertising 
circulars, common calendar cards, and similar purpos(^s, 
to which no outer surface of a special charactcu’ is added. 

Continuous Boakd Mach ink. • 

This machine differs from the sinpjle hoard machine in 
that the liiiished hoard can he produced from the pulp at 
one operation. It is used principally for cards and lioards 
of moderate thickness which can he wound up in the form 
of a reel at the end of the machine. 

The mixture of jmlp and water is jiumpcjd into two or 
more vats and formed into a nuinher of thin sheets, which 
are all brought together between squeezing rolls and passed 
through heavy press rolls which conqiress the seveial 
layers into a compact mass, 'riic thick sheet ohttiined is 
dried over steam-heated cylinders whicii are ])laced at the 
end of the press rolls, and cahaidered. The. whole process, 
indeed, resembles that of ordinary jiaper-inaking, the main 
difference being the method of, producing the wet sheet or 
card. • 

Some machines are constructed with six or seven vats 
and forty to fifty dryin |5 cylinders, and are capable of 
turning out a large quantity of finished matei'ial. 

The board can be made of uniform quality and texture 
throughout, or lie finished off with high-grade papea* tin one 
or both sides. In the lattei* case the consliliieiits of tlie 
“middle” part are waste papers and raw material of 
inferior quality, the outer surface of wood pulp, white or 
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coloured accoi din^ to circninslanccs. The variety of papers 
and hoards which can ))C i)roduce(l is due to the fact that 
the several vats of pul]»ar(i independent of one another and 
can be filled with any bind of ]>a]»er stock. The combined 
sheets forniin^Mdie ultimate board anj dried on the ordinaiy 
cylinders, cahaidored, and reeled up at tbe (uid of the 
Mnachine. 



CHAPTER VII 

SPEC! AT. KINDS OF PAl'Ell 

There are many varieties of paper protlnets obtained by 
submitting finished papier to a numljer of s])ecial ])ro- 
cesses. Of these only a few of the more important will 
be described. 

Tliese products can be divided approximately into three 
classes : — 

(1) Papers coated on one side or both sides with various 
substances, such as “art,” photogra})hie pai)ers, i‘,tc. 

(ti) Papers impregnated with chemicals, such as blue 
print, medicated, and checpio ]>apers. 

(8) Papei' pulp converted into modiliiMl j>r()ducls by 
chemical treatment, such as vulcanised board, viscoid, etc. 

Of the first class, the coated papers used for art and 
chromo illustrations ax*e the most important. 

Of the second class, the blue prints and ])a])(irs imjireg- 
nated with chemicals, chielly employed for the production 
of engineers’ drawings, may be refjarded as typical. 

In the thii'iJ class, vegetable parchment and vulcanised 
board are the most familiar. 

Parchment Paper . — This fs produced by the action of 
sulphuric acid upon ordinary paper, the most huilable for 
this purpose being made from unsized cotton rag, free 
from such additions as mechanical wood pulp. The 
presence of the latter substance should be avoided, as it 
is liable to char or burn, so that in the finished product it 
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shows itself in the form of small holes. The process 
depends upon the power of sulphuric acid to cliange the 
surface of the paper into a gelatinous mass, which has 
he(m shown to consist of a substance called amyloid. 

The l)est parcliment is made from pure cellulose such as 
rag or cluanical wood pulp. The quality of the parchment 
de])ends u])on attention to the strength of the acid, the 
temperature of tlu) acid bath, the period of immersion, 
th(i complete removal of the acid, and the careful drying of 
the wet parchment. 

The acid is employed at a strength of 1*71 specilic 



I'lG -ta. — Apparatus fur making I’uichinent Pa]K-r. 


gravity, being jirepared by diluting the commercial con- 
centrated acid in a leaden vessel, with a sulliciiiiit quantity 
of water. 

The parchment is generally prepared by passing a 
continuous sheet of pai)er through a bath of acid of the 
proper strength at a .^peed which ensures the correct 
period of immersion. As the treated paper leaves the 
bath it passes through squeezing rolls which remove th(‘ 
excess of acid, and the i)aper is then led through a series 
of tanks containing fresh water, the last traces of acid 
Ixiing neutralised by small additions of ammonia, or some 
alkali, to the last w^ashiiig tank. The wet parchment is 
then passed through suitable rollers and carefully dried 
over cylinders heated internally by steam. The paper is 
kept perfect!}" stretched as it dries, because it shrinks 
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enormously, and would otherwise l)ecome cockled and 
uneven. 

Tliick sheets of parchment paper are frequently made 
by i)asBing three sheets of paper throujj;!! the acid hath and 
hrin<j;ing them together hetwetm the rollers before washing. 
The sheets unite when pressed tog(*ther ; the remainder of 
the process being the same as that em])loyed for singh* 
sheets. 

The parchment exhibits remarkable dilYerences to the 
original papei’, the strength being incr(*,ased threci or four 
times, the deiisity about dO ])er cent., tlu‘ latter Ceing shown 
by the shrinkage, whicli amounts to at hnist JU) per cent. 

Vulranised Paper . — Zinc chloride has the pro])erty of 
parchnientising paper in a manner similar to snljihuric acid. 
The product obtained when this reagent is used is generally 
termed vulcanised libre. The paper is j-assed as a continuous 
sheet into a batli of strong zinc chloride, having a d(mHity 
of IbO — 170 Twaddell, which causes the cellulose to swell 
up and partly gelatinise. A very large excess of strong 
zinc chloride is nec-essary, and the process is only rendm'od 
commercially possible by careful recove, rv of the zinc from 
the washing waters, which an- submitted to chemical 
treatment. 

The vuleamHvd ])rodiict is subsequently treated with 
nitric acid or with a mixture of iiitric and sulphuric acids 
to render thmii waterproof. Dextrin is frequently employed 
to retard the chemical action to permit of the necessary 
manipulation of the material before it is linally washed. 
The complete nmioval of the excess of zinc and acid is a 
necessary feature of the w^jole operation. 

Willi'sdcn Paper.-- Whan paper is passed through an 
ammoniacal solution of copper oxide, a superhcial gelatinisa- 
tion of the surface takes place, so that the paper when 
washed and dried is imjuegnated with copper oxide, which 
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heli)a to preserve it, and it becomes waterproof. Sucli 
material is well known as AVillcsden paper. 

Blur Print or (Ji/anoti/pe Pnpers . — This name is usually 
^^iveii to the process by moans which blue prints of 
engineers’ and architects’ plans can he reproduced. It was 
discovered in 1HP2 by Sir John lierschel. It is a useful 
metliod of reproducing drawings, and incidentally is of 
gieat value to the amateur photographer hecaiise of the 
facility with which it can be applied for getting proofs 
from negativ((s quickly and easily w'ithout s])ecial baths 
and chemicals. The jirocess is based upon the reduction 
of a ferric salt to the fcuTous condition by light, and the 
formation (d Prussian blue by the action of potassium 
ferricvanidi'. The nrijaticr rifunofi/pr gives white lines 
on a blue ground. Various formuhe are in common use. 
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Equal parts of the two prejiared solutions are mixed 
when requii’ed and spread evenly^over well -sized paper. The 
paper is hung up, dried, and preserved in a dark dry place. 

positive cj/arioiifpe gives blue lines on a white ground, 
being the reverse of the ordinary blue print. That is, no 
image is formed where the light acts, and the reaction is 
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the formation of blue due to the union of a ferrous salt 
with ferrocvanido of potassium. 

rizzi^dielli in 1881 gave the following formula: — 


— 

, Solution 1. Siiliiiioii S 
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Mix the first throe solutions in the following order in the 
proportions stated 

Solution 1. *20 ])artH. 

Solution 2. 8 „ 

Solution th 0 „ 

As soon as tlu'. solution, whieh at first gets thiek and 
cloudy, is clear and thin, it is spread over the surface of 
well-sized pai)er, which is then dried in a warm room. 

The print, wdiich a])pcars y(dlow on a dark yellow ground, 
is treat(!d with the developer (solution -J) })y nujans of 
a brush dipped in the solution. When the image is deep 
blue in colour, the print is wasluid in w’ater and then })laced 
in dilute hydrochloric acid (1 part of acid to 10 parts of 
water) till the ground is quite white. A final w'ashing with 
w^ater is then necessary. * 

Waterhouse* gives the following formula : — 

Suliiliiiii 1 Snlutmii 1' Solution 'i. ' SoIdUoii 4 . 
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Solutions 1 iind 2 are inixod and No. 3 added gradually 
^with constant stirring. Tin; mixture is left twenty-four 
hours, and diluted with water to a specific gravity of 1*100. 

The ])iij)er is coated witli the solution and used as already 
directed, being develo])ed in ferrocyanide of potassium 
solution and washed with water, tniated with weak hydro- 
chloric acid, and therj finally cleaned from all traces of 
acid. 

Jilark Linen on a JLliitc Ground . — This modilicatioii of 
the ordinary blue print is arrived at with the follo^\ing 
formula : — 


Water 

1)(>*0 i)arts. 

(relatine 

1*5 „ 

P(;rchlori(hi of iron (in syrupy condition) 

()*0 „ 

Tartaric acid 

()*() „ 

Sulphate of iron ..... 

1-5 „ 

The paper is coated with the solution. 

After printin. 


the image is devedoped with a solution containing 
(lallic acid ... 1 ])art. 

Alcohol . . . .10 ])arts. 

AVahr .... 50 „ 

A final washing of the jirint with water completes the 
operation. 


CoVrED FArEiis. 


This term should properly include all the varieties of 
special papers which are coated with extraneous matter for 
jiarticular purposes, such as art, chromo, tinfoil, gilt, emery, 
carbon, photographic, marble, and sand papers. In practice, 
however, the term is almost entirely limited to “art” 
papers used for illustration work and half-tone printing. 

An “art” i)aper, using the definition given above, con- 
sists of an ordinary sheet of paper, one or both sides of 
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which have been coated by the ap])licatioii of a mixture of 
a iiiirioral matter, such as china clay or sjitin wliitc^, and, 
some adhesive, like casein or j^lue. The object of tlie coat- 
ing is to impart to the paper a i)erfectly smootli surface, 
rendered necessary because of tlie conditions under which 
the i)rinting of tlie illustrations is carried out. 



Fig. '14 - CieiK*^al urvaiigoiueiit of Plant for making “Art'” Pa])er. 


The macliine used for coating the iiapiii* consists of a 
large hollow drum about 40 inches diameter and 48 inches 
wide. The paper is brought over u])on the drum in a con- 
tinuous slmet, and the coating mixture a])])li(‘.d U) tlu' surface 
by means of a revolving brush oi' an endless h'lt which 
rotates in a copper trough containing a coating mixture 
which is usually maintained at a temperature of 120 Fahr. 

The amount of material put on to the surface of the 
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paper is varied l)y altering the proportion of water in the 
trough. As tlie wet coated i)aper is drawn over the drum 
it comes into contact witli a num))er of flat hi'ushes which 
move from side*, to side and hrusli the coating well into the 
pa])er. 

The last two or three hruslu's on the drum are made of 
very tine bristles, so that when the coahul pajxir leaves the 
macliine the surface is 2>orfectly even and free from brush 
marks. The wet pa])er is then drawn uj) an inclined ladder 



Fio. 4.'), — Soctioiiul Elevation of “Coatinjj:” Plant. 


by an ingenious device, which causes the 2)a})er to fall into 
festoons or 1(K)1)S, and these are carried bodily forward by 
means of travelling chains. The iirocess, somewhat difficult 
to describe, is more easily understood by a study of the 
illustrations given. 

The 2)aper is drual by a current of w\arm air which can 
he obtained by means of steam pipes placed below the 
festoons or with a special air blower. The dry jiaper is 
then led tbrough guide rolls and wound u]) in i\m form of 
a reel. 

The paper at this stage has a dull coated surface, which 
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is somewhat rough and unhiiished, and a liigli ])ohHh is 
imparted to it hy a machine known as a sn])erciil(jnder. 

The supercalender consists of a number of alti'ruah^ 
steel and cotton or paper rolls placed vertically in a stack 
one above the other. When the coated papeu* is led through 
this machine the friction of the alternate steel and cotton 
rolls produces a high finish on its surface}. 

An art pape}r coated on ))oth sides is manufactured by 
passing the paper through the coating machine twice. 
Machines have been devised for coating both sides of the 
paper at one operation, but these arc; not in Very general 
use. 

Tinted art papers are pr(}pared in tlui same ma?mei', tluj 
desired colour being obtained by the addition of jugments 
or aniline dyes to th(‘ mixture in the trough containing tlu' 
coating materials. Wlien the two sides of such tinted pa2)ers 
are coloured differently, they are ofkin describ(}d as du]>l(}x 
coated papers. 

Imitation Art Pajurs ani prepanid by (piite a dillerent 
[jrocess, although they hav(* the a2)i)earance, more or less, 
of the coated paper. They are merely es])arto pajuirs vei'y 
heavily loaded, containing fr(}(]uently as much as to dO 
per cent, of mineral matter pre 2 )ared as follows : — 

Bleached es])arto half-stuff is ))eate]i togetlier with any 
suitable proportion of chemical wood jail]) in an ordinary 
beating eiigi^ne, and a large quantity of china chiy is addend 
at the same time. The beating is carried out under condi- 
tions which favour the retention of as much chijia clay as 
the pulp will hold while beihg converted into i)a])or on the 
Fourdrinier machine. 

After the pajicr passes bver the diying cylinders of the 
machine it is passed through the calenders in the usual 
way, but the surface of the paper is dami)ed by means of a 
fine water spray just before it enters the calender rolls. 
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The result is that a “ water-liiiish,” so called, is imparted 
tg the })aper, and a close imitation of the genuine art paper 
is obtained, the elh^ct of this ])eculiar treatment being to 
compress the lihres and bring i\u) clay up, as it were, to the 
surface 

A ])aper containing sucli a large ])ro]>ortion of mineral 
ma.tter intinnitely mix(‘d with the fibre is naturally viiry 
Aveak. It (iasily i(*ars, and if moistened witli water goes all 
to [lieees. At the same time it is a cheap suhsLitute for 
high-class art paper, lieing suitable for circulars, temporary 
catalogues, and similar printed matter. 

In an “ art ” patier the nature of the fibrous constituents 
is too often ix^garded as a matter of se.condary importance, 
because in the jirocess of printing the ink does not conn' 
into contact at all with the ])a]K!r, and an im])ression is 
produced merely on a layer of clay which is bound together 
by the glue. 

The illustrations are not absolulely permanent, and it is 
perfectly easy to remove the whoh‘ of the impression and 
the coating itself by immersing a sh(‘-et of tin' pa])er in 
warm water and rubbing the surface gently with the lingers, 
or with a camel-hair brush. 

In fact the amount of coating matter which has b(‘(‘n 
brushed on to a paper can be determiiuul ap])roxiniately by 
Aveighing a ])iece of the coaUul ])ape,r, removing the mineral 
matter and glue from both sid(‘s as indicated, ^allowing the 
paper to dry again, and then re-AV(dghing, the loss in Aveight 
representing the amount of coating. 

It is not surprising to lind that the true paper is merely 
regarded as a coiuxiiient means of jiroducing, so to speak, 
a smooth surface of clay, and an examination of the 
material betAveeii the tAvo clay surfaces often reveals a 
pai)er of very Ioav quality. 

There are one or two empirical methods for testing the 
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condition of coaiing on an art pa]U‘r. If thecoatinjjj is lirni 
and adliercnt, then on prossinj; llio. nioistein-d lliiinib oiito 
tlui surface noiu! of ili(‘ coatin.i^ matter is removed, but in 
a l)adly-toadt; art ])a])er some of tbe coatinj^ adberes to tbe 
thumb. 

Another mi'tbod is lo crumple a slieiit of ])a])iM' b«‘l\v(U'n 
the finders, and if any of tbe coalinj^ comes away eiisily tlu#* 
])ap(ir iri considercAl of ])oor (|uality. 

Tbe coni})b'te examination of an a.rt ]>aper, a]>art from 
tbe practical t(‘.st of ]>rintinj;, inv(dves tbe deU'rmiiiation of 
lb(} amount of coatinj* matter added to tbe pa])er, tbe pro- 
portion of glue iti the coating, and the usual analysis of tins 
[)aper itself. 


Packino Pm'iuis. 

This term may he a])]>lied to wra, pipings sja^cially tn'abid 
with substances which render tbe |)a.per air and ^\at(T proof. 
Tliey are priiiciptilly used for preserving food, or such 
articles as tolnicco, which re(|uire to he ke])t slightly 
moist, 

IFrt.m/ Paper.— The ]>aj)er in the form of a continuous 
sheet is passed through a bath of melted wax at a Ijigh 
temperature, any excess being remove.d In s(jueezing rolls 
tlirough which tbe hot waxed jvi]»er is ])assed. The paper 
is 1 (m 1 ove^'* skeleton drums and thoroughly cooled bofon; 
being cut into slieets. 

lUater Paper . — Ordinary j)archnient ]>a[)er is generally 
used, but for s])ecial purposes a solution containing albumen 
and salt])etr(5 is iitilis(‘d for impregnating pa])er. 

Ilardivare Paper.' 'Needles and silver goods are fre- 
quently wrapped in paj^er impregnated or mixed witli 
substances which are sui)posed to ju’event deleterious- fumes 
from coming into contact with them. The use of black papers 
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heavil’v loaded with sized with glue and an excess 

of‘ alniu, is conmionly resorU'd l(u For silver ware, paper 
dii)])ed in a solution of caustic soda containing zinc oxide 
is used. A r(‘.cent i)atent suggests tlie impregnation of 
])aper with heavy liydrocarhon oils, which being slightly 
volatiUi cover the goods, such as needles, with a thin 
lihii. 

Paraffin I^arge quantities of this paj)er are con- 

sumed for packing food and oUku* articles which need 
protection from air and moisture. 

The paper is either j)ass(5d through a hatli of paiatlin 
or passed ovcu* a roller ^\hich rotates in a trough of 
paraflin. 

If the paper is to he coated on ))oth sides it is passed 
through the hath containing the j)araflin in a melted con- 
dition, the excess of whicli is scra})ed from the pa[)er as it 
leaves the hath. The ])apor is cooled hy exposure to air, 
and when the paraflin has solidified ui)on the sheet 
tlie ])aper is wound up on a roller at the end of the 
machine. 

If the paper is to be coated on one side only it is passed 
over a heated roller which revolves in a bath of melted 
paraflin, the other operations of drying and finishing 
being the same as in the case of a paper coated on both 
sides. 

Tinfoil Pajicrs, required for packing tea, coffee, and 
similar foodstuffs, are prepared hy coating cheap paper 
with a solution of gum and finely powdered tin. The 
manufacture of the fine powder is accomplished hy melting 
tin at a low iempi'ratiire, and shaking it continually as it 
cools down, whereby a mixture of fine powder and large 
particles is produced, the latter being separated out by 
agitation of water. 

Tin in a fine state of division can also be obtained by a 
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clieiiiical process. Granulated tin is dissolved in stron<; 
liydrocliloric acid, tlie solution diluted with water, and a 
stick of zinc introduced into the solution. The tin is 
f;radually precipitated. 

The dried powder is coated on to the paper with j^uiu, 
and when the pa})er is dry the necessary de^^ree of hrilliaiicy 
produced by suitable calendering. ^ 

Trayialer Pajx'rs.— A nunilxir of important operations 
require the use of what are known as tniHx/rr pjipers, so 
that a desi^ni written or printed upon a spt;cially i>re|)ar(ul 
surface can he inuisfyiird to another siirfaSc; from wliich 
duplicate copies may he obtained. The principle ui)()n 
which all such operations are based is the coating of suit- 
able paper with starch, flour, and sin^^dy or mixed 

so as to ^ive a surface linn enou^di to take the desifj;n, 
hut which readily breaks up when the printed sid(t is 
pressed against the wood, stone, or metal object intended 
to receive the design. 

Thus a paper may first he dusted over with dry starch, or 
coated with starch paste and then dri(!d. A layer of dextrine 
may then he put over the starch coating, and the design 
j)rinted upon the dextrine surface. W lien the jiaiier is turned 
face downward on a sticky metal })late the design adheres 
to the metal, and the paper is easily pulled off, owing to 
the dry starch layer between it^and the dextrine being non- 
adhesive. • 

This principle is utilised in producing designs upon tins, 
used for packing, metal advertisement ] dates, domestic 
articles of every kinef, stoneware and earthenware 
goods. 

It is further a])])1ied in the preparation of lithographic 
stones required for jirinting. 

Each class of work demands paper of a suitable character, 
but the principle of an easily detached surface-coating is the 
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same for all. Tlieinain difficulty experienced is the liahility 
of paper to siroicli when damiied, and various methods are 
devised to obviate this, either hy eupdoyiiifi; pajier which 
stretches very little when damp, or hy makin^^ the paper 
partially waterproof before use. 

Papiei'-mnchi ’, — This name indicates a iirejiaration of 
jiajier or papi'.j- pulp mixed with various mineral sub- 
stances iirnily cemented together liy animal or vegetable 
adli('sive,s. 

The paper pulp used for liigh-class goods consists of pure 
wood cellulosij*, while for the commoner qualities meclianical 
wood piil[), \vasie papers, and any similar fibrous material 
are emjiloyed. 

Th(! miurraJ substances used jire china clay, cluilk, 
gy])sum, barytes, ochre, sienna, and other niim;ral pig 
nients. 

The (tdhesire materials are glue, casein, gum, starch, 
jiaste, dextrine, Iceland moss, or wax. 

For ex])erimental ])ur])08es, small quantities of i»aj)i(a’- 
niaclu' may Ix! prepared in the follow'ing manner 

"When old newH])a])ers or brown iiajiers are used as the 
fibrous basis of the paj)i(',r-mache, they are fii-st torn up 
into small pieces, moistened with liot whaler, tied up in a 
small cloth hag or sack, which must only be half filled, 
and then imima-sed in a basin of warm water and tlioroughlv 
kmuided by hand, so that the pa]>er is gradually /-(uluced to 
,the condition of piil]». If the kneading process is carried 
out thoroughly the pa])er is entirely reduced to luiljn 
The excess of water can be removed by ])iessure and 
the ])repariiti()n of flu; final mixture completed by the 
incor])oration of clay, pignumt, and adhesive. 

In the pH'paration of papier-mache for goods on a large 
scale a heating engine is used in order to break up the old 
paper or wood pulp into a fibrous condition. 



SPHCTAT. K1NJ)S OF rAFKF 


151 


The forninlaB can be used for raaldii*; papier- 

niMclie : — 


(1) ! I 0) (1) 


Fill]) . 
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Pulp . 12 ! 

Pulp . 
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. .TT 
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, 44 

1 (’liiiia cl.iy 11 

1 Water . 4*1 
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. 40 


100 


lOU 

mo 

• 

100 


Plasicr Moulds . — Plaster of Paris or gypsum is the main 
article used for moulds and pattern. The ])roparatiori of 
gyi)sum for easting is made as follows : — The gypsum is 
gradually worked up into a creamy paste with water, the 
mixing being done (juickly yet thoroughly. 

Tlie pattern of which it is desinul to form a mould must 
be coated with oil. Around the pattern ])lacod on a table a 
wall of wood or pasteboard is lived, so that a basin will be 
formed of suitable depth, preventing the gypsum from 
flowing away. Patterns of figures or of curved articles 
have to be made in two or m<)re parts, f’or that purpose 
the pattern is usually cut into two ])iecos. Two moulds are 
now readily obtainable by firsj, oiling the ])attei'ii and by 
pouring tUe gypsum in a thin stab; gradually over the 
surface, to avoid the forming of air bubbles. 

The rapid d lying of tlu' soaked gy])sum is sometimes 
inconvenient, but the adTlition of a saturated solution of 
borax in water to the gy[)sum mixture can be resoiled to as 
a clu'ck. 

Various means are employed for hardening and strength 
ening the plaster cast, such as the addition of coarse papei 
fibres, shreds of canvas, iron filings, or wire. 
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CohmriiNf , — Usually a cheap watercolour only is recpiired ; 
a liglit coating of a cheap varnish may be sulhcient. 
In other cases a wahu* colour S(;rving as a filler for 
smoothing tlie surface may receive a finish of one or more 
coats of resinous solutions in alcohol or of copal varnish. 
Mjiny goods are coated with asidialtum or Japan varnish 
^ and dried in cold or hot air. 

Some of the articles may be decoi*ated with scrolls or 
arabesques in oil colours or enamels, or the lines may 
he covered with bronze powder, or with metal, gold, or 
aluminium h'laf. 

Varnish — The following varnish recipes are suit- 
able 
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CHAPTER VJII 

('llKMICATiS rSKD IN PAl’KIl-MAKlNG 

The niaiiufafturo of j)apor is a liighly itH-linical industry, 
wliich requires a practical knowledf^e of mechanical en<^ineor- 
iiif^, as well as an intimate acquaintance with* the many 
imjwrtant chemical problems connected with the art. 

The following brief description of the various chemicals 
used in the manufacture of paper is divided into certain 
classes, based upon the order of tin; operations through 
which the raw material i)asses before its iinal conversion 
into pa])er : - 

(1) The alkaline processes used for treating raw lil)re ; 
soda ash ; caustic soda ; lime; recovercnl ash. 

(‘2) The conversion of wood into sulphite pulp : sulphur ; 
limestone. 

(3) The operation of bleaching: })lea(hing powder; 
antichlors ; acids. 

(4) The sizing and loading of pajier : casein ; gelatine ; 
losin size; alum; starch; silicate of soda; pigments 
and soluble d^'es ; mordants. 

Mineral substances for loading; clay, blanc fixe, etc. 

C<(rhoiiate of Soda.- This su})stance, also known under 
the trade names of alkali ^nd soda ash, is used in the 
paper mill for the manufacture of caustic soda. It is 
purchased by the paper-mnker from the chemical works, 
and used together with the recovered ash (see page 7H) for 
the production of caustic soda solution, which is required 
in the treatment of raw fibres. 
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II in also used for the preparation of rosin size (see 
Iiosin Size ”) and in softening hard waters for steam -raising 
piiri)oses. 

Soon'M OAiutONATK Tai$le. 

Showing porcontago ])y woight and ]»()iuuls ])(*r KM) gallons in 
solutions of various donsitios. 
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A )iahisis . — The value of soda ash, carhonate of soda, and 
recovered ash depends on the amount of available alkali 
(Na^ 0) present. 
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A weighed quuiitity (15*5 graniines conveniently) is 
dissolved in a measured volume of distilled water (500 c.c.), 
and titrated with standard normal hydrochloric acid, methyl 
orange indicator being used. 

CuKHtir *SV)(/a.— Haw vegetable lihres maybe reduced to 
the condition of paper pul]) by treatment with caustic soda. 
In practice this ])roce.ss is largely resorted to for the, 
manufacture of ])uli) from esi)art(), straw, and wood, the 
spent caustic soda being recovered and used .again. 

The paper-malvcr ])r(q)ares the caustic re(juired for digest- 
ing the raw material from recovered ash and liarhonate 
of soda. 

A convenient volume of clear li(pior obtained by lixiviating 
the laicovered ash is boiled with lime in suitable causticising 
pans, the reaction being represented as follows : — 

Naa CO;, + ('a 0 + 11, 0 = Na Oil + Ca CO3. 

Soda ash + Lime + Water Caustic soda + C-luilk. 

According to this (!<piation, 100 lbs. of soda ash RMpiini 
513 lbs. of (piicklime, but a slight exc(iss is generally added, 
5H or bO lbs. being the usual ainounl actually employed. 
Several precautions should be observed in i;he i)rocoss of 
causticising. 

(1) The liquor from the recovered soda should be bright 
and clear, indicating comj)lete incineration of the ash. 

(*2) The liqyor is best causticisi'd at a density between 
1 050 and 1*100 (10 — 20,Twaddell). With stronger solutions 
the reaction is complicated and the yield of caustic soda 
reduced. Lunge has shown* that if the density of the 
solution is 1*025 the ])roi)ortion of soda causticised is 
!M)’5 ])er cent,, whereas at *a density of 1*150 it is oidy 
94*5 per cent In the latter case the caustic soda formed 
acts upon tbe chalk produced and is reconverted into 
carbonate- • 
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(3) The large quantities of chalk residue resulting from 
the reaction must be thoroughly and carefully washed. 
The economy of the whole i)rocess dei)ends in no small 
measure upon this seemingly small detail. 


Oaus'iic Soda Taudes. 

Showiiifc qiiaTiiity of licpior ohtaiiiod from 1 cwt. of causfic stxbi and 
the fimonnt of caustic soda in 100 gallons of li(|uor (adapted from 
Imnge and others). 
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DiLiinoN Table roi{ Sihong Liquohs. 

Showing huhiIm'I’ of ‘^alloii'^ of watcir mpiin'd to the dojisitVj, 

of 1(K) ^^allon> of liquor from a hif;her density, !►. to a lower 
density, d. (See })a^e 
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Liinc and T/nncsfone , — Carbonate of soda and recovorod 
ash are converted into caustic soda by metins of lime. 
About sixty parts of lime are necessary for the conversion 
of 100 parts of carbonate of soda. Laiq^e quantities of 
insoluble carbonate of lime are produced in this optu’a- 
tion, and great care is necessary to prevent a loss of 
caustic soda which occurs if the residue is not thoroughly 
washed. In «some cases the residiuil chalk is drained by 
vacuum filters in order to remove all traces of soluble 
alkali. Processes have been devised for calcining the 
residue so as to convert the carbonate into caustic lime 
to be used over again, but no economical and practical 
method has yet been found.* The treaimeiit of the residual 
chalk with sulphuric acid for the production of calcium 
sulphate appears feasible, but the substance obtained is 
very impure, and therefore has little commercial value. 
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Limestone is reciuired in considerable quantity for the 
preparation of sulpliite of lime for the manufacture of 
wood pulp. 

Hecorrrcd Auli.-^Fho ])lack liquor obtained during the 
process of the boiling of straw, esparto, and other paper- 
making fibres contains a larg(‘ 2>roportion of non-fibrous 
organic constituents derived from the lilires, the quantity 
of which may be gauged from the fact that these fibres 
generally lose ,50 per cent, of their weight when being 
})oiled. The black liquor on evaporation yields a thick 
resinous ifiass, which is converted into carbonate of soda 
when burnt. 

Advantage is taken of this fact to carry out a process of 
incineration on a large scale, so that heat derived from the 
burning off of the resinous mass is utilised foi* evai)oration 
of weaker liquors. The ash is drawn from s 2 )ecial furnaces, 
put aside, and allowed to char quietly, so that the car- 
bonaceous matter is more or less completely burnt away. 
The ash in this form contains about 10 per cent, of soda, 
its composition being determined by the nature of the fibre 
which has been treated. In the case of straw, the amount 
of silicate is considerable, as shown by the following ty 2 )ical 
analysis : — 


Sodium carbonate 

. 70*2 

Sodium hydrate . . 

. 2*3 

Sodium sidjihate 

. • . 4*1 

Sodium chloride 

. 7-5 

Silica . . . ^ . 

. 7-5 

Oxides of iron and alumina 

. 0-75 

Lnburnt carbon, etc. . 

. 7T)5 

] 00*00 


At the present time there is no process in general use for 
the recovery of the liquors used in the treatment of wood 
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by the sulphite process. Many scIuuik's liavc' Ixien proposial, 
the most promising of which is that of Drc'wsen. 

Sulphur and Sulphitcs.—ThD pale yellow brittle} substance} ' 
known as sulphur is too familiar to require} any ele*taile}il 
description. Jt unil(}s with oxygeui in varie)us ])re)poriions, 
and these in contact with water form the} varie)us sul])liur 
acids known to commerce. Suliduir burned with a limiteel 
quantity e)f air forms sulphure)us aeid gas, and this substance* 
is the chief product of e)\idatie)n, which by fiirthe*)* treatment 
can be converted inte> suljdiites. 

In the manufacture of the sulphur compound?^ reepiired 
in the ])reparation of wood pulp, the furnace} for burning 
the sulphur consists of a llat-bottonie'.d cast iron r(}te)rt 
which is ve}ry shallow’, and provided with a curved top, to 
which a pi])e is lix(}d, so that the sulphurous acid may he 
conveyed away fre)m tlu} furnace}. In the most recent lorn: 
of sulphur e»ven a small conical-8hape}d rev^olving furnace* 
is enipleyyed, which ])roduces a satisfactory gas of constant 
cennpositioii ve'ry econe)mically. 

JjiHid]>hifr of Lime , — This compound is obtained when 
the sulphure)iis acid gas is lu-ought inte) contact with 
nioistcne}d limestone. In the manufacture of hisulphite} of 
lime on a large scale} the} sulphurous acid gas is drawn or 
pumped up tall circular towers iilleid with blocks e)f lime- 
stone, kept moistened by a carchilly regulated stream of 
W’atei’ flowing i'rom the te)p of the towe}r. 

In ane)ther system known as the aciel lank process, the 
gas is fe)rced into large circular vats contaiiiing milk of 
lime. 

In either case a solution is ]n’e}pared containing hisulphite 
of lime, together with a c(}rtain proportion of free sulidiurous 
acid, the object of the pulp manufacturer being to obtain a 
solution containing as large a proportion of frt'e sulphurous 
acid as posf^ible. The composition of a solution will vary 
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on tliifl account, and the following may be Kiuoted as being 
an example of such a liquor : — 

Free sulphurous acid . . per cent. 

Combined sulphurous acid . 0*77 ,, 

4-00 „ 

For experimental purposes th(^ bisulphite of lime solution 
may h(^ prepared by passing sulphurous acid gas into a 
mixture of watiu' and sulphite of lime. The latter compound 
is insoluble in water, hut gradually dissolves when the gas 
is a))sorhed. A known weight of sulphite of lime is added 
to a measured volume of water, and the sulphurous acid 
gas discharged into the mixture from a siphon of com- 
pi'essed sulphurous acid. The amount of gas absorbed is 
determined by w^eighing the siphon before and after us(^ 
the loss of weight representing the gas discharged. 

The following iigures may he quoted as an example 

Quantities used. 


Calcium sulphite 

. 53(1 "ramuios. 

Water .... 

. 7100 c.c. 

Gas absorbed 

. 531 grammes. 

Density of solution 

. 18" Twaddoll, 

The composition of the solution prepared is— 

Combined sulphurcus acid 

. 3-50 

Free sulphurous acid 

. b-54 

Lime .... 

. 3-0(> 

Water .... 

. H(*)-9() 


10000 


The examination of sulphite liquors for free 
and combined sulidiurous acid is made by means of stan- 
dard iodine solution and normal caustic soda {\olutiou. 
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A known volume of tlie siilpliiLo Ikiuor is first titnitiul 
wiili stundard iodiiu' solulion, tlie nuinluir of eiihic eenti- 
inetres nujuired boin^ a nu'asiire of tlie total sul})luirous acid’ 
Each cii])ic centimetre stambird iodine solution == 'OOd'A 
pframmes Stk. Tlie titrnUjd li(juor is tlien tr(;a.t('d with 
sta^ndard caustic soda in (iiuintitv sulticiiait to exa.ctly 
neutralise tlie acid. Tlie volunu! of caustic soda solu- 
tion used minus the numlx'r of cubic cenlimetrtis of iodine 
first added is a measure of tb(‘ free sulidiurous acid. 

lilvarhinij -This substance is jirepaja'd on a 

large scale hy allowing chlorine gas to act* ipion dry 
slaluul lime, d’he lime absorbs nearly oiu'-half its weight 
of chloriiK'. and forms a dry white jiowder, having a ver\ 
pungent odour. The best lileaching (lowdei* contains about 
d7 per cent, of wha,t is termed ‘‘available chlorine.” Tin* 
substance, on being treated with water, gives a groenish- 
colouHid solution known as bleach liipior, and when raw 
paper-making material, alU'r having beiai digested with 
caustic soda, is treated with this solution, it is gradually 
bleached to a white colour. The comiiosition of the powder 
may lu; retiniseiited approximately as follows: — 


Available chlorine icombined witli linui) . dfcOO 
ChloriiKj in the form of chlonMe . () :{2 

Chlorine in tlie form of chlorate 0-o(j 

Jhme . . . . ^ . . 44-(H3 

]\Iagnes/a O'T;} 

Hilica, iron oxides, (dc I*;;;] 

Insoluble matter 17-()() 


loo-oo 

Since the amount of l)^each used for wood pulps varies 
from 8 per cent, to 2r> per cent, of powder on the dry wood 
pulp, the cost of bleaching in some cases is coiisiderahle. 
The ecougmy of the jirocess de])endg in some measuie 
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upon the care exercised in the purchase of bleaching powder 
^of standard quality, the storage of same in a dark, cool 
place, and the efficient treatment or exhaustion of the 
powder when the bleach liquor is prepared. 

The powder is usually agitated for about an hour with 
water sufficient to produce a liquor of 13'^ — 15^^ Twaddell. 
The undisRolved powder is allowed to settle and the clear 
solution siphoned off, after which the sediment is washed 
once or twice to remove all the soluble matte)’ completely. 
Bleach Liquor Tabj.e. 

Showing for bleaching j)ow(ler solutions of known density the quantity 
of powder necessary to pi‘(»duce 100 gallons of liqiioi’ and the 
number of gallons obtained from 1 cwt. of powder (adapted from 
Tjiinge und Beichofon). 


TwadtRlI. 

Availal)Io 

ChloiiiK*. 

Nninlier of Gallon.^ obtainud 
futiii 112 lbs. of Powder. 

Pounds of Powdei ]tei' 100 
gallons of Liquor. 

Pounds pel 
100 gallons. 

:M ])er cent. 
Powdei . 

36 per cent 
Powder. 

84 per cent. 
Powder. 

36 ])ei cent 
Powiler. 

0'2o 

0-70 

5,464 

2,726 

5,600 

2-05 

2-00 

0-50 

1*40 

2,800 

4-11 

4-00 

1 


1,405 

1,445 

7-97 

7-74 

2 


681 

702 

16-41 

15-94 

3 

8-48 

448 

462 

24-95 

24-23 

4 

11-41 

334 

340 

33-00 

32-60 

5 

14-47 

264 

270 

42-58 

41-34 

6 

17-36 

219-5 

225 

ol -06 

49-60 

7 

20-44 

186 

191 

60-11 

58-40 

8 

23*75 

160 ' 

165 

69-85 

67-85 

9 

26-62 

141 

147 

78*30 

76-57 

10 

29-60 

129 

132-5 

87-06 

84-54 

11 

32-68 

116-5 

120 

96-11 

93-37 

12 

35-81 

106-5 

109-5 

105-32 


13 

39-10 

98 

100 

llo'OO 


14 

42-31 

90 

92-5 

124-45 

120-90 

15 

45-70 

84 

86 

134-41 


16 

48-96 

78 

80 

143-80 

139-71 

17 

52-27 

73-5 

75 

lo3’o3 

149-34 

18 

55-18 

69 

71 

162-30 

157-65 

19 

58-40 

65-5 

67 

171-00 

166-86 


61-50 

6P5 

64 

180-88 . 

175-71 









CHEMICALS USED IN PAPER-MAKING 


163 


The best method for extracting powdcjr is to agitate the 
material with water for a short period, and to stop the 
mixing process directly the niaxinnim density lias been 
obtained, wbicb usually takes place in 15 minutes. Tro- 
longed agitating prevents the powder from settling readily. 

The maximum quantities of liquor wbicb can be obtained 
from idoaching powder are shown on page 1()*2. The 
following table is useful as showing the amount of water 
required for diluting strong li(piors, the ligun‘s being 
applicable to any solution independent of the nature of 
the dissolved substance. 

DirriioN Taju.e Foa Wkaic Liquous. 

Showiag iiiiitilx'r of gallons of wator Ksipiirod to ivdiict' tli(‘ (Knsity 
of 100 gallons of liciuor from u Inglior J I, to u I(>wer 

(It'nhity, d. (Sou j)age l.'>7.) 


I.owei |)nisily, (/. 


i 

"It 

V' 

11. 

10 

!>. 

,s. 

7. 

h 

’ 

■I. 




Hi 

33'3 

4.V4 

f;0 I 77 7 

100 

i28-r» 

ici; c 

220 

300 

433-3 

700 

1.300 

i:. 

2.‘f0 


:»o 

CO c 

87 :» 

114-3 

130 

200 

273 

400 

030 

1.400 

H 

1 «; <: 

•27 li 

40 

:> 


loo 

1 33-3 

ISO 

2..0 

3CC-C 

(;oo 

1,300 

u 

K-3 

IS-2 

30 

IM 

C2-r, 

83-7 

lie C 

ICO 

223 

333 3 

330 

1.200 

12 


91 

20 

33-3 

:,o 

71-4 

100 

140 

2iin 

300 

300 

1,100 

1] 



10 

22 2 

37r> 

37-1 

83-3 

1211 

173 

2CC-C 

130 

1,000 

10 


! 


ll'l 

23 

42-8 

c.c-c 

1 100 1 


233-3 

400 

IlUO 



! 



h-r> 

28-3 1 

30 

1 80 

1 23 

200 

330 

800 

s I 






14-2 I 

t{3-3 1 

1 CO 

lOo ^ 

icc-c 

3(H) 

700 



• 





IC'C j 

i 

73 

133-3 

230 

COO 

<; 



i 




1 

20 

30 i 

100 

200 

; 300 

r> 

i 


1 





1 

23 , 

t;c-6 

130 1 

400 

4 






! i 

• 


1 


33-3 

1 1 

lOO 

1 300 


Antichlors . — The residues of chlorine wbicb may be left 
in pulp after bleaching are frequently neutralised by the 
use of substances termed antichlors, which react with the 
calcium hypochlorite, converting it into chlorides. 

The sodium hyposulphite is the most frequently used 

M 2 
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aiiticblor, tlio reaction between this and bypocblorite 
lesnltinp; in tbe formation of calcium snlpliate and sodium 
chloride ; 100 ll).s. of commercial bleacbin^ powder will 
require J^O lbs. of crystallised sodium byj)osulpbite. 

Tbe sulpbites of soda and lime also act as anticblors, 
reducinjT tlie bypocblorite of calcium into siiljdiate of lime 
or soda. Tbe cbief advantage of tbe use of sulpbites is to 
be found iu tbe fact that tbe substances obtained by tb(i 
reaction are muitral. 

Tbe Ixist. practice in bleacbing is to avoid tbe necessity 
for usin^^ any forms of anticblors by careful retaliation of tb(^ 
bleacbint i)roc(‘,ss. It has already been siigtcBted in ])revious 
references to bleaching that tbe desired results an^ obtained 
when tbe pulp and bleach are left in contact witli one 
another in tanbs or diainers until tbe bleacli is comidetely 
exbsiusted, tbe residual salts in solution being removed by 
tboroiigb washing. 

animabsi/ed or tub-sized papers gelatine 
is iis(id. It can be jaepared by tbe paper-maker from bid(^ 
clij)i)ings, sheep skins, bone, etc., or can be purchased 
ready made. 

Beadle gives tbe following interesting di'lails as to tbe 
amount of gelatine which can be obtained from wet bide 
pieces : — 

Wkkjut os WkT'IIidk Fiecks. lM'JS 


1’t‘i cent I ulX *'1 


l)KiU;;lit. 

(Jalli)ii''. 

Oi-l.itiiie III 
Siillltluli. 

(ifl.itinc 

Ll>^. 

1 

120 IS 

O'TTo 

S5-(i4 

•J 

12S !m; 

OO.VJ 

78’()4 

iiul 4 nil x< 'll 

i;i.v2o 

014(1 

]27-(>;i 

Total 

:;‘)oi>4 


201 -ai 


Percentage of gelatine on weight of wet skins = 13*01). 
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A siiiiilfir trial on the saiiiti class of wot hide; ])ioces p[ave 
a yield of KP'iA per cent. 

Two trials, of a soinewliat dirfenait class of wet hide 
pieces, ^^‘lve i-GBp(H*tively L‘MI and l‘2'H p{'r cent. 

The t«‘nip('rjitnrc of the drau<j;ht water should be a])proxi- 
malely as follows : — 


Diaiiglit At rJemimiii;; At K'l'l. 

1 ]‘2i) V. , I-. 

2 i:{() F. 160 F. 

6 and 4 1 M) F. | ISO F. 

In the final dra,u^dit it is often iiecessaiy lo use live 
steam at tlie linisli, but this should lx* avoided if jiossible. 

The water contained in wet hide pieces vanes from 77 to 
IK) per cent, in the diflerent jiieces, hut in the bulk tlie 
average may lui taken at per c(‘nt. 

(\iHoni , — Casein is tlu' nitroj^imous princijilo of milk, and 
belon;^^s to the class of ]»rot(‘ids which are (hdinite com- 
[)ounds of oxygen, liydro^^en, carbon, and nitro'^en, forming 
the basis of the mo.st important constituents of all animal 
fibres, albunum, casein, and gluten. A wry jjuri' form 
of casein is cheese made from skimmed milK. CaseiTi 
belongs to that class of alhumejis which are soluble in 
w^ater, c.f/., (^g albumen, blood albumen or serum, and 
lactalbumen, or milk albumen; these are mostly jin', ci])!- 
tated from solution by saturation with sodium chloride 
(common salt) or magnesium suljdiate; hut they are ail 
coagulated by heat. ^ 

13y the action of reimet on milk the. jiroteid or alhumen 
principle is converted into a curd (casedn). This curd, 
when freed from fats, is insoluble in water, but is soluble 
in dilute acids, or alkalies, or alkaline carbonates, from 
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which substances, however, it is reprecipitated by acidula- 
tion. Instead of the above method, casein may be pre- 
cipitated from milk by saturation with sulphate of magnesia, 
and washing the precipitate with a solution of that salt 
until the wasliings contain no albumen, and then rodissolv- 
ing the pi-epared casein by adding water. The salt still 
adhering to the precipitate (uiabU^s it to dissolve. On a 
lai’ge scale the casein is usually pr(!i)ared by treating the 
milk with acid. 

Casein is readily dissolved by alkalies and alkaline 
carbonates, borax, boracic acid solution, caustic soda, and 
bicarbonate of soda. 

Stdveh . — This substance is used in many classes of paper 
for improving the surface and linish. It is addt^d to the 
pulp in the beating engine in the dry form as ])Owder, or 
in the form of starch paste, produced by boiling the starch 
in water. 

The viscosity of the starcli j)aste is soinewluit increased 
by the addition of a small quantity of alkali, but due care 
must be exercised in boiling, wliich should only be carried 
out sutticiently to cause tlu' starch granules to burst, as 
any excessive boiling causes the starch paste to lose some 
of its viscosity. 

Tlie presence of starch in paper is detected by the blue 
coloration produced when the j)apcr is dij>i)ed into a weak 
solution of iodine. The determination of the exact per- 
centage of starch in a paper is a matter of some difhculty. 

Silicate of Soda . — The precipitation of gelatinous silica 
upon the pulp in the beating engine is generally regarded 
as favourable to the ])roduction,of a sheet of paper having 
what is known as a harder linish. The precipitation is 
effected by adding a solution of silicate of soda to the beat- 
ing engine, with the subsequent addition of sufficient 
sulphate of alumina to react with the silicate' of soda. 



CHEMIOATiS USED IN rAPER-MAKINO 


167 


Analysis of Commeuoial Alums. 
((irifim :iiul Littlt*.) 


Insoluble in water 
Alumina (Al.j ();t) . 

Iron protoxide (Fe 0) . • 

Iron sesquioxid(* (Fe 2 O-i) * 
Zinc oxide (Zii O) . 

Soda (Nao ()) 

Magnesia (Mg 0) . 

Sulphuric !ici(l (SO.,) combined 
Sulphuric acid (SI >;,) b't'c 
Water by ditlereiice 


Sizing test (]>arts of dry neutral 
rosin size precipitated by one 
part of tlie alum) 



(^) 

GO 

(4) 

OOd 

10-01 

0-11 

O-dO 

l.'H7 

M-lMi 

11-01 

lO-dH 

0 02 

0-1 ;{ 

0-00 

— 

0 00 

1 -OS 

1-17 

0-(M 

1-72 

(LdT 

■l-7d 

o-do 



0*1 d 

— 

d7-2(> 

dT-iO 

dd-OK 

do- 17 


l-OM 

»d-ld 


ddlH 

:m-21 

•10-71 

id-oo 

100-00 

100-00 

100-00 

100-00 

:i';j2 

d-‘17 

d-10 

d-71 


Taiu.e sHOwrm] Valuk of Solutions of Aluminium Sul]’H\ti!:. 


■ 

I’oiiikK |m- 

100 i,M lions 


PouiuIn ])ci lOO };alloiis. 


_ 


- 




- 

rt 

H 

AlyO.i. 

80 ... 

Sulplialo ol 
Aliaiiiiia 
( oiit.nnin;' r> p**i 
(•out. MH), 



so. 

Siilph.'ilp of 
AiuniiiKi 

ooiitfiiiiiii;; 1 '> fwr 
<•('111. Ala < >.'(• 

1 

1-4 

d-d 

0-0 

IF 

20'd 

•IT-;) 

ldd-0 

2 

2-S 

l*)-d 

10-0 

10 

2d-i 

dd-8 

Idd-O 

d 

4-2 

0-8 

28-0 

IS 

20-2 

00-d 

172-0 

4 

d*0 

ld-0 

d7-0 

20 

29-4 

08 ‘d 

190-0 

d 

7-0 

10-d 

47-0 , 

2d 

d71 

SO'd 

247-0 

6 

8-4 

10-0 

dO-0 

do 

14 -s 

I 101 4 

: 299-0 

7 

0-8 

‘’-^'8 

Od-0 

dd 

dd-2 

1 121-0 

! ddd-0 

S 

11-2 

20-1 

7d-0 « 

10 

00-0 

! 1 12-0 ' 

lOd-0 

9 

12-0 

20-4 

84-0 

Id 

08-0 

' IdO-O 

4d0-0 

10 

14-0 

d2-0 

od-0 

dO 

77-7 

1 181-0 

d78-0 

11 

ld-4 

dd-0 

lOd-0 

dd 

80-1 

1 200-0 

57d-0 

12 

10-8 


112-0 

00 

9d-2 

i«.«l 

Odd-0 

1 
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Ahini . — Alum is one of the most imjmrtaiit siihstanees 
rofjiiired in tlie manufacture of paper, its cliief function 
rc'Pitinn to tlie sizin'^ of ])a])er. Various forms are utilistid 
lor this ])ur])ose, the jmrcist l)ein<^ su]])hate of alumina., 
reijuired for hi^di parade j)apers, and the clu'.aper form 
known as alum cake, for nt'ws and common jirinting. 

The. filum is mamifactured on a lar^(i sc.ah; hy heatin^^ 
china clay or bauxite with sulphuric acid. This reaction 
^ivos suli)hate of alumina together with silica. If the mass 
is lu^ii.ted to drync^ss, it is sold under the name of alum cakv. 
If the mass 'is (extracted with hot water and the insol uhle 
silica filtered off, the solution can he eva])orate<l down for 
the ])roduction of ^ulpkatv aj alt(nnna, whicdi is sold in the 
form of lar<;e cakes or in the form of crystals. 

Jiy careful selection of raw material a sulphate of 
alumina ca.n Ik' pr('par(!d almost entirely fre(‘ from irf)n. 
The prestmce of tlu! latter is undtisirahle, sincii on exposure 
to air the sul])hate of iron produced during the manufacture 
of the alum is slowly oxidised and turns brown. UUimately 
this aifects the colour of the tinisluid paper. 

Alum is {idded to solutions of animal size or gu'latine in 
order to thicken the solution and render it more viscous. 
It also acts as a ])reservaiive, and is used for regulating the 
absorption ol the. gelatine hy tlui ])apei’, the penetration 
elTects h(ung materially varied hy the extent to which the 
alum is utilised. 

In the proc(;ss of engine sizing, a term ap])lied to the 
application of rosin size on account of the fact that the 
lu’ocess is completed in the heating engine, a, him jdays an 
im])ortant part. The iiK'.re addition of the i)repa,r<ed rosin 
soap to the mixture of pul]) and water in the heating engine 
does not size the ])a.j)(‘,r, hut the alum preci])itat(5S the rosin 
from its solution, producing a complex mixture said to 
consist of resinate of alumina and free rosin particles, and 
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sul)8cqiient]y tlin lioat of the ])a])(‘r inacliiiu' dryiii*; ('vlin- 
(lors rondia's the paper more or less iiin>ermeable to 
moisture. 

Tile a])pe<irai]ce and torn- of pa]»(!r, more pariieiilarly of 
eoloiired papiirs, are brij^lileni'd l»y llie use of an (accss of 
alum over and above Unit necessary to precijiilalt! the rosin 
soap. 

JuiHttt She . — This suhstjuice is used cliielly for tlie sizin^^ 
of news and clieap jirintin^ pajiers, and is a, Iso employed 
to^etlier with gelatine for tlicj common(;r writinj^ ])apers. 
It is prepared hy lioilino rosin with carbonfiU; of soda 
under various conditions. 

Ilosin, sometimes called colophony, is obtained from the 
sap of certain hrs and ]»im' tnios. This on distillation 
yields spirits of turpentine, leaving hehind a.s a n'sidiie the 
mixture of substances to which is ^iven the name, rosin. 
It behawes as a,ii acid, and llu'iefoi-e will combine with 
certain Jilkaline oxides, ])rodu(*ing solubb' r(!sinates. 

The natuiai of the losin soap used in the i)aper mill 
varies accordin^^ to tin* conditions umhu* which the size is 
])rej)ar(^d. If a lar^e jiroportion of rosin is us(ul, then the, 
size obtained consists of a mixture ol sinaii' of soda 
together with fre(5 rosin dissolviul in the solution. If the, 
])roj)ortion of rosin is small coiiijiared with the aanount of 
carhonate of soda,, the c,om[)osition of the JinaJ mixtui’e is 
quite differeit|. The dili'erence in treatment r(‘siilts in the 
formation of - 

(.1) Xcntral prejiaixul hy boiling a, known weight of 
rosin with suriicimit alkali tft combiiu' with it and foi*m a, 
neutral resinate of soda. Th(U)retically this may be obtained 
by using bbO jiarts of rosin* to 100 ])arls of soda ash. It is 
doubtful how far the reaction is com})leted so as to product' 
an exactly neutral solution containing only resinate of 
soda. 
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(7>) Acid Size . — When the proportion of rosin is largely 
increased the soda becomes converted into the alkaline 
resinate, and the excess of rosin is gradually dissolved in 
the resinate formed. 

The practical operations necessary for the preparation of 
the size are comparatively simple. In the case of size 
containing relatively small percentages of free rosin, the 
boiling is conducted in open vessels, but for the manufac- 
ture of rosin size containing large proportions of free rosin 
boiling under pressure in closed vessels must be resorted to. 

With the’open pan process a steam jacketed pan is used, 
and the required quantity of alkali, dissolved in water, is 
placed therein and heated to boiling point. The rosin well 
powdered is added in small quantities from time to time, 
this being effected cautiously in order that the carbonic 
acid gas set fi*ee during the process may readily escape. 
The rosin is giuierally completely saponified after four 
or fiv (5 hours’ boiling. It is then j)assed through strainers 
into store tanks, from which it is drawn into the beating 
engines as required. 

In the case of rosin boiled under pressure a cylindrical 
vessel provided with a manhole at the top is used. The 
correct amounts of alkali and water are put into the digester, 
and also the rosin in a powdered form, the digester being 
fitted with a i)erforated plate placed about two feet above 
the bottom of the vessel in order to prevqiit the rosin 
forming into a hard mass at the bottom of the digester. 

It is possible in this way to manufacture a thick size 
containing 30 or 40 per cent. cTf free rosin and a compara- 
tively small j)roportion of w'ater. Many paper mill firms 
prefer to purchase such size; r(;afly made. 

The most recent modification of the ordinary rosin size 
is a compound prepared by treating rosin with silicate of 
soda. This alkali dissolves rosin readily, and the soap 
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obtained when suitably diluted with w^ater deconi poses in 
the beatinjT engine on the addition of aluminium sulphate, 
with the precipitation of a gelatinous silica whicdi assists in 
hardening the paper. 

Bacon has patented a process in which powdered rosin 
is melted down with dry crystalline silicate of soda. The 
resultant product is ground to a fine powder, which is then 
ready for use. It dissolves easily in water, and when 
decomposed wuth the proper proportion of alum gives a 
gelatinous viscous mass said to have excellent sizing 
properties. * 

The advantages of a dry powdered rosin size readily 
soluldt^ in water are obvious. 

Load'uKj . — Tlie term “loading” is applied to the various 
substances which are employed for the purpose, as it 
is commonly supposcnl, of making pajier heavy. But 
china clay and similar materials are not added simply 
in order to give weight to the paper, since they s(;rve to 
produce opacity and to improve the surface of pai)erB 
which could not be satisfactorily made unless such materials 
were used. 

Kxa)i\ination of Paper for Loading . — If j)iece of paper is 
crumpled up, placed in' a small crucible, and then ignited 
until all the carbonaceous matter has been burnt off, a 
residue is left in the crucible which may be white or 
coloured. Xhis is usually termed the anh of the paper. 
The amount of ash jiresent is determined by taking a 
weighed quantity of paper and weighing the residue 
obtained. Special appliances can be obtained for making 
rapid determinations of the a,sh in pa])er, but for occasional 
analyses they are. not reqmred. 

China 67a?/.— This is the best known and most commonly 
used loading. The purest form of this material is kaolin, 
a natural •substance formed by the gradual decomposition 
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of £els]):ifcliic rocks arising from cxj)i)siye to tlio long- 
coiiliiiiuid iiciioii nf air and watcir. The clay occurs in 
great {ihiindancc in Dorset, Oornwjdl, and Devon, the 
sontliei-n co’.inii(is in England, where the most famous 
dej)osits are found. 

The naturiil mineral is h^vigated with water, jind the 
mixture allowiid to How through a series of seUling ponds, so 
tliat the chiy gradually settles in the form of a line deposit. 
The clay is drii'd and packed in hags. Il . value is controlled 
largely hy the ]turity of its colour and its fieedom from grit 
and sand. ‘It is essentially a silicate of alumina, having 


the approximate composition— 

Silica, (Si (D) .... 43*00 

Alumina (AI 2 OA - • 35*00 

ComhiiK'd wat(‘r . 10*00 

Moisture and impurities . . 12*00 

100*00 


The specific gravity of the. dry suh'.lance is 2*50. 

It is utilised as a loading in all kinds of pa,]H'r, and forms 
also the main ingredumt in the coating found on ordinary 
art and chroiuo jiajua’s. 

Ash (‘(mtainiuij China Clay.- In news, cheaj) printings, 
and common art ])a])ers the ash almost invariahly contains 
china clay. This suhstance is insoluble in dilute acids, hut 
is acted ujion hy concentrated suliihuric acid when digesUal 
for some time. A simjde. test for the ])resence of china 
clay in ash is tlui blue coloratfon wliich is obtained when 
the ash after being ignihul is gradually heated with a few 
dro])S of solution of cohalt niU‘a,te. China clay can he 
decomposed hy fusion with carbonate of soda in a crucible. 
Dy this means silicate of alumina is decomiiosed, and the 
alumina goes into solution, the silica remaining as an 
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iiisolu])]^ rtisicliKi. Thn solution is ])oile(l wiili an 

excuss of iinniioniji which ^ivi's a ^('laiinous i)ri'ci])iiate oti* 
alumiihiiiii ]i>(lra,te. 

Sulpitatr r>/' /j'ao'. — This coin|u)un<l is valued (diiclly for 
its hrilliaiicy of colour. h(‘in^ used in hi^jjh-class ])a{)ors. It 
is slifi^htly solMhl(^ in wiiter, to the ('xhuit of about ‘AA Ihs. in 
1,000 < 4 iillons, and this fact must he* laki'U into account 
wiien the matciial is added to the J^ulp in the beating 
engine. 

Tt occurs naturally in a, va,ri(ay of forms, such as gypsum, 
ala,haster, selenite, the. hrst of wdiicli when finely jiowdei-ed 
is sold to the pa,])er-maker as gy[>sum, powdm'ed plastei-, and 
under other fancy names. 

It ca,n be jirepare.d artiiicially by adding sulpburic acid to 
solutions of calcium salts; and the j.rc'cipitated product so 
obtained is sold as terra. a.lba., ])earl hardeaiing, satinih^, 
mineral ^vhit(^ (^tc. 

The tests for suljdia.ieof lime in paper ash are based upon 
the following rea,ctions 

Calcium sul})hate is soluble in dilute b^drocbloric* acid. 
Tbe addition of a few drops v)f barium cbloridi' to the 
solution jiroduces a denst* heavy jirecipitaU’. indicating the 
sulphate. A small quantity of ammonium o\a,la,te, solution 
added to another portion of the dissolved calcium salt pre- 
viously iHiutralisod with aaumoni* produces a. precipitate 
and indicates •calcium. 

A microscopic test of paper for the ])r(ssenc(‘ of sulphate 
of lime is based upon the flight solubility of tin* salt in 
water. Tbe pajier is boiled with some distilled water. The 
water is evaporabid to a sijv.ill bulk and transferred to a 
glass sli]), and the gradual formation of chara.cteristic 
sulphate of lime crystals can be seen by moans of the 
microscope as the water cools down. 

French CV/a//j.— This material is preiiared by grinding 
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talc into a line powder, and possesseB a good colour and a 
'somewhat soapy feel. It is a silicate of magnesia, having 
the a])i)roximate composition - 


Silica (Si O 2 ) . 

. 62-00 

Magnesia (Mg 0) . 

. 38-00 

Wat(*T 

. 4-80 

Traces of oxides, etc. 

. 0-70 


100-00 


Other silicates of magnesia used for paper-making are 
agalite and asbestine, the latter being a finely ground 
asbestos. 

The composition of asbestos is approximately — 


- 

Italian 

CiiiiaiJiati. 

1 

bimo and iriH^nK'sia 

:m) 


Silica , , . . . . 1 

42-() 

41*0 

OxidcH of iron and aluininH , 

,)0 

12*0 

Total wator , , . . , 

1:10 

12*0 

TracoH of Koda, etc. 

2*0 

:>-o 


100*00 

100 00 



CHAPTER IX 

THE PROCESS OF UK AT I NO 

lntroduction,— 'Y\\Qi jirocoss of heatinj^ has for its object 
the complete breakiiif^ down of the bleachtul })ul}> to the 
condition of sinpjle fibres, and the fnrth(‘r reduction of the 
fibres, when necessary, into smaller i)ieces. The disinte- 
gration of the material is essential for the production of 
a close oven sheet of paper, and the amount of beating 
required varies greatly according to the nature of the raw 
material, and the class of paper to be produced. 

The textile trade, on the other hand, depends on a raw 
material composed of strong fibres, or of filaments cha- 
racterised b}’ great length, and any pi'ocesses of treatment 
which tend to reduce the length of such fibres are carefully 
avoided, and it is therefore obvious that fibres which are of 
no value for textile purposes can be appro] M *ated for paper- 
making. 

Condition of Fibres , — The great dilhuvnces in the physical 
characteristics and structure of ^he lil)re8 em])loyed for 
paper-making* suggest that the possible variations in the 
final product obtained by beating are very numerous. This 
is a well-known fact, and it i§ further to be noted that this 
mechanical operation brings about not merely alterations 
of a physical order, but iuj^roduces some interesting and 
important chemical changes. 

Of the better-known materials linen, with an average 
fibre length of 28 mm., the structure of which lends itself 
to considerable alteration by beating, is in marked contrast 



nr, THE MAXrEA(’'Tri{E OF EAl'EL’ 

to espfii'to, the ljl)re leii}j;th of ^\hicll in only 1*5 mm. If 
the ])r(K;GSH of heatinj^ a Ihuiii rag merely resulted in the 
cutting of all th(' lihres of 28 mm. long into short fragments 
of 1*5 mm., there would he nothing remai kahki in it, hut 
the changes which occur in reducing the long linen iihre to 
1*5 or 2*0 mm. are of a far more important character than 
this. 

Karlif Mi'tlhnh- In tlie early days of pa])er-making the 
disintegration of tin* half-stiill was elTected hy a true 
“heating” procc'ss, the rags ])eing subjected to the action 
of heavy stam]>ers, which hroln; up the mass of tangled 
ti])re into a. uniform pul}). 'I’he fibres for the most part 
ndaiiied tlau’r maxinium length in this operation, which 
was exce(‘diiigly slow and tedious, though at the same time 
giving Ji sheet of pai)er of reatiarkalde strengtli. 

The nearest imitation of these old-tinu* rag papers is to 
1)0 seen in the w(‘ll-known Japanest^ papers, which are 
exti’aordinarily strong. Some of th(!se the writer has 
examined in order to determine the length of the fibre. 
The sheets when held up to the light apjx'ar “cloudy” and 
“ wild ” owing to the presence of tlu^ long fibres, which have 
only liecn separated or teased out by the primitive methods 
of beating used, and not completely disintegrated. 

Couilition^ oj Jhatiinf. — Aliout a.d. 1700 there began a 
great epoch in the history of paper-making. With th(^ 
invention of the Hollander engine about a.d. 1670, the pro- 
cess of disintegration was greatly hastened, because it was 
possible to reduce the half-stuff much more readily. The 
substitution of the idea of plain “ beating ” by a principle 
which combined the gradual isolation of the individual 
fibres with a splitting up of those fibres lengthwise and 
crosswise was not only an advantage in point of economy 
of time and cost, but also a material advance in the possi- 
bilities of greater variations in the finished paper. 
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The conditiojis of the process of beatiiij; carried out with 
a Hollander ])erniit of considerable alteration, so that thefie 
chaii^^^es in tlie fibre an' not surfH-isin*; wbeii ]>ro])erly under- 
stood. Tn fa(d, it is now c()nced(ul that a close study of the 
theory and practice of beatin<^ is likely to brin*; about still 
more nuiiai'kable imju-ovements in this im])orta,nt de])art- 
ment of the p?i])er-maker’s work. The (piality and character 
of the paper made may be varied with- - 

(1) The origin of the raw matm-ial, r.//., rags, esparto, or 
wood ; 

(‘2) The condilion of iIk; material, r.//., old or new rags, 
green or mature (‘.sparto, mechanica.l or chemical wood pul]) ; 

(b) The time oecu})ied in beating, c.g., four hours for 
an ordinary rag ])rinting and twelve hours tor a rag parch- 
ment ; 

(d) The state of the beater knives, sharj) tackle for 
blottings and dull tackle for cartridge pa])ers ; 

(r>) The s])eed of the beater roll, also its w('iglit ; 

{()) The rate at^\b^^•b the beater roll is lowered on to the 
bed})late : 

(7) The temperature of tlie contents of the engine. 

Thr lk>atcr liolL- If the IxMter roll l tilted with sharp 
knives, and this is i)ut down close to the bedplate quickly, 
the fibres are cut up short, and they do not assimilate the 
water. If the roll is lilted with dull knives, or “ tackle,” as it 
is sometimes ^called, and it is lowered gradually, the fibres 
are drawn and bruised out without being greatly shortened. 
In this condition the stuff becomes very “wet.” or “greasy,” 
as it is termed. Pbe celluloSe enters into astsociation with 
water when beaten for many hours, and the pulp in the 
beating engine changes into a curious greasy-like mass of 
a semi-traiis])arent cuaracter. Bag pulp beaten for a long 
time produces a hard, translucent, dense sheet of paper. 
Flax threap beaten 48 to 60 hours is used in practice 
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for the maTuifacture of gramophone horns and siniilai* 
[),ur poses. 

Soft porous papers like blottings, filtering papers, heavy 
chromos, litbo papers, antiques, light printings, arc made 
from pulps which are beaten quitddy with the roll put down 
close to the bedplate soon after the stull' has been filled in. 

With strong, dense, hard pajiers, such as parchments, 
hanks, gnsaseproofs and the like, the pulp is beaten slowly 
and the roll lowered gradually. 

The nature of the 2>ulp and the time occupied in beating 
are also ii'ni)ortant factors in producing thescj different 
pajiers, three to four hours being am])le for an ordinary 
wood pulp 2)rinting, whereas a wood pulp 2 )archm(>nt 
requires seven to eight hours. 

Bcutiuff Puljm Scpunilcltf . — The use of (‘si)arto and wood 
])ulp in conjunction with one another, or hlemh'd with rag, 
has introduced new' problems into the question of heating. 
Perhaps the most important of these is the advisability of 
hefiting the pulps seqmratoly and eventually 2)assing them 
thi-ough a mixer of some kind before discharging into a 
stuff chest. The necessity for differentiating the amount of 
heating is already jiartly recognised when very dissimilar 
j)ulps, such as strong rag and esparto, are blended, hut the 
whole} subject ought to be carefully studied by the pa2)er- 
maker and investigated on its merits from the stand2)oint 
of “ heating effects,” apart from questions, of cost and 
expediency. The former fully understood and exhaustively 
examined by practical tests would of course oidy be de- 
veloped if 2)i’oved to be advantageous. 

The field of research in this direction has not yet been 
seriously ex2)lor(}d. AVith the enonuous consum2)tion of 
w'ood pul2)s of varying quality made from many different 
species of wood by several 2>roces8e8, there is ample room 
for interesting and profitable enquiry, 2 ^articnlB,rly as the 
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tyjjcs of boatinj; onj^iiio are so munorous. Tlio etTocts 
produced l)y the llollaiidor, the reliiier, the ed^o runner, 
the stone heahir roll, and other mecdianisTiis, are all of 
varying kinds. 


J^:i'FE(T OF l*KOliON(5KI) IhvO'TNO. 

The iin])()rtance of a knowledge! of llu' ])re‘cise oUertH ]iro- 
duced by tlie heating of pul]) cannot he einjdiasised too 



Fio. HJ.-- Cotton I4ul}t lH ;it('ii S h(»ur>. 


much, and any contribution^ to the subject along the lines 
of S})ecial research will be wtdcouied by all students of 
cellulose. 

Some exj)eriraents were conducted by the wTiter in 190f) 
with cotton*rags, in order to determine the results obtained 
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by beating the pulp for a prolonged period under exact and 
B])ecitic condition 8. 

The cotton rags, of good quality, were boiled with caustic 
soda in tiie usual way for six or seven hours, at a pressure 
of 15 to 20 lbs., washed and partially broken down in the rag 



Fin. 47. — (‘Cotton Pulj) beaten 87 hours. 


breaker, and finally bleached, made into half-stuff, and then 
transferred to a Hollander beating engine. 

The particular conditions specified for the beating opera- 
tion were that the beaterman should manipulate the pulp 
according to his usual routine for the manufacture of the 
pa]ier wliich he was accustomed to make from these rags. 
In this case the routine process meant beating for eight 
hours, by which time the pul]) was ready for the paper 
machine. In the ordinary course the pulp' would be 
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discharged into the stnti chest, and converted into a strong, 
thill, hank })a])er. • 

During the prolonged heating the pul]) became vory soft 
and “ greasy,” and when made u]) into sheets the j)aper as 
it dried exhibited remarkable difterences in shrinkage, the 
dry sheets obtained from pul]> beaten thirty-seven liours 
being much smaller than those obtained from |)ulj» beaten 
only four or six hours. The actual shrinkage is shown in 
the following table : — 


llotus. 

of Sll»*cl. 
S(i. mill. 

l-d'.s of Aii‘a. 
SM.non. 

1 

Ai,*as. 

1 ifi Ki»* 100 

Mu iiikai.',< 
|M‘l ('(Mlt 

0 

20,884 •() 


100-0 


4 

20,070-0 

808 -0 

1 08-0 

1-1 

t; 

2:>,.V20-1 

8(18 0 

00-7 

8 8 

8 

2.7, 1 (iO-0 

1.224-0 

0.7-1 

4 0 

10 

24,701-8 

1 ,.7S0 2 

o;; !) 

0-1 

111 

24,407-1 

1,010 (5 

02 8 

1 -2 

1.') 

24,21.7-2 

2.108-8 

01-8 

8-2 

IT 

21,02! 0 

2 800-0 

00 0 1 

01 

10 

1 2.8,01 (.-2 ' 

' 2,70»7-8 

80-1) 

10-1 

lil 

28,010 0 

2,708 0 

80 1; 1 

10-4 


2.),.). 1.7" 1 

2,818-;; 

so-.') j 

10-7 

2,') 1 

28,8200 1 

•',0.711 

88 .7 

1 1 -,7 

27 

22,0-20'.7 1 

8,108-,7 j 

,t;-o 

18-1 

20 

22,881-2 

8, ,7.72-8 

S(J-,7 

i;>-,7 

;{i 

22,402 0 I 

8, SOI ; 

8,7 8 

11-7 

f{;{ 

2i!oi7-2 ; 

4,400-S ! 

88-1 

10!) 


21,220-1 ; 

,7,1.77-0 i 

8(K7 ; 

10 .7 

:iT 

20,778-8 1 

.7,<)0.7-2* . 

7S-8 : 

21-2 


If these results arc jilotted in the form of a curve tla* 
relation between the period of heating and tlie shrinkage 
in area is clearly shown.^ For the lirst twenty hours 
the shrinkage is pro})ortional to the jicriod of beating, 
after which the curve assumes an irregular shajie, show- 
ing a tendency for shrinkage to proceed at a faster 
rate. 
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Weight and Snhittaiice of the Paper. — The shrinlcage of 
tfhe pajier afha' prolonged beating indicates a closer and 
denser sheet, so that for papers of equal thickness the 
weight ])er unit area was inuch greater in the case of the 
pulp beaten for the full period. The results ohtfiined are 
very inhire, sting, and the following summary for a few of 
the readings obtained will serve to show the alteration 
effected . 



'riiickiifss of , 


riis ]>t>ricu 

TJonrs. |J0,00()si( iiiiii 

SlK'l't. ' 

G I urns ]ii*i 

•JSd slii-ets, 

j Gi utils. 

nun. , 


L'O" A 30". 

Class A i 

1 



8-l()hrs. ! PS7r» 

1 -188 


88-28 

('lassP> 1 

1 



19-21 hr.s.' 2-04:i 

1 -ISO 

102 -1,7 

1 11 '0.7 

(!lass(’ 

! ; 


1 

1 

hr.M. i 2-2o;^ 

•189 • 

IJO'IO 

44 '98 


Si::'nig and (iUcing Kffeets . — The behaviour of the water- 
leaf paper after sizing and glazing gave some interesting 
results. In the first jdace, the effect of the altered density 
of the pa])er is strikingly shown by the amount of the size 
absorbed. Certain selected sheets were passed through a 
solution of ordinary gelatine in the usual w%ay, and suhse- 
(jueiitly dried. The amount of gelatine absorbed differs in 
a remarkable degree, as shown in table. 

Tenade Strength of the draper. — It is interesting to note 
that the tensile strength of the waterleaf papers api)ears to 
remain fairly constant throughout the whole ])eriod of 
beating. ]^ut this uniformity is greatly altered by tlie 
operations of sizing and glazing. 



TllK 1'KrH’F.SS iW r.lUTIN(^, m 

I’EUCKXTA(JE of AiR-I)HY (JKI,\riNE AliSOKltEl) HY THE 
Wateri.eaf Shee'I's. 

! t*l Si. <■ ahsoi ticil j 

Iloiir^ ' - , ' M.-tn 

lii.il. l^ii.lTiial ' ;,i.l1nal 


s 

.*) 'w 

(TO 

e-i! 


le 

:r4 

i \ <S 

a a 


n» 

'ri'H 

.VO 


i 

L»l 

oo 

l-s 


F<) 

O* 1 

1 


2- 1 

1 1 
l-u 

S “1 

1*7 

0 2-{) 


'J’hese resulls are rather remarkable. The preloii'^i'cl 
l)eaiiii{:^ does not S(‘eiii to liav(^ ailected tlui tensile sti’en.i^^th 
of th(' wahu’leaf, and the practical loss of strmij^th which 
actually occurs in the more com[)letely finished ])a])or doe.s 
not manifest itself until after the sizing process. Tln^ 
ini])orlance of the, gelatine as a fachu* in tlu! ultimate strength 
is thus clearly and strikingly de,monstrated. 

Tests fou STREAorii ox Orii.iyve \V\tkiu,e\i Pai*ei:. 



.M'Ui 

ti Milt, Oi 

M...II .Mn II _ 

Iloills. 

1 |{-‘ 

uliti"-. 

(ii III** I’aji* 


1 

Lt,s 

1,1 IS, 

S 

' a 

1 l-f 

12-1 


■ b 

10-1 


10 

a. 

1,71 

i;e2 


b 

10 0 


10 

Ji# 

io:i j 

H-o 


b 

111 


21 


1.7-2 

11-0 


1 

12-S 


:y.i 

a 

i:;-i 

121 


' b 

11-1 


y>o 

1 a 

M .7 

113-0 


, f> 

12-7 i 
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TksTS for StRKNGTH on J’APERS, SfZEli ONLY. 



irsiilt ol 

SI icn^’Lli 

Hour',. 


ol lh(* I’aiiej. 

■ 

1.1 IS 

J.lis 

8 

a 22' < 

20-0 

10 

1 1 •) 

a 2S*.') 
b 18-0 

23-2 

10 

a 22*0 
b 19'r> 

2F() 

21 

a 20*0 
b 17‘ri 

2F7 

38 

1 

a 1,)*0 
b lo-O 

13 -0 

36 

a 14*2 

13-3 


b IG’.'i 



Test.s for Strength on I’afeu Sized and Olazed. 



iM(‘Ull M'SIllI ol 

Mimu 

lloursi. 

Lks. 

ol UlP J'Bpt‘ 1 , 
l.bs. 

8 

a 23-8 
b 21-4 

23-G 

10 

a 28*4 
b 18*0 

23-0 

19 

a 27-0 
b 18-0 

22-9 

21 

a 24-9 
b 20-() 

22-7 

33 

a lft-1 
! b 14-4 

13-2 

33 

i R 17-3 
b 13-b 

1 

10*2 
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It may also be noticed that the strength of the linislied 
pa|w after twenty hours’ l)eating, as in class ]>, is equal Jo 
that of the paper after nine hours’ beating, as in class A. 
This is curious, especially in view of the fact that the per- 
centage of gelatine in the papers of class B. is only 4*4 per 
cent, as against 6'0 ])er cent, in class A. 

The relation of the percentage of gelatine to the period of 
beating thus becomes a matter of interest, and well worth 



FlO 18 . — Plan and Soctinnal Fl.'Vation (>f » “ Ilollandor.” 

investigation. The figures are suggestive of further 
experimental research along definite lines. 

DerelopmenU in Jiraliini Kinjinrs, — Since the introduc- 
tion of the Hollander beating engine, about a.d. 11)70, othey. 
types of beater almost too nuuierous to mention have been 
devised to supersede it, but the fact remains that the 
principle of the original llollandor and its general design 
are still adhered to in the engines used by pajier makers for 
high-class work. 

The aUerations and improvements which have taken 
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plfice duriiii; thti List iitly years ndaie cliieily to the uiodi- 
%iitions naturally arising from the introduction of libres 
not requiring such dnistic treaOnent as rags. 

Th(‘ raucliines now in use for reducing half-stuff to beaten 
pulj) ready for the paper maebino may be classified as 
follows 

(1) B(iaters of the Hollander type, in which the circula- 
tion of the pulp in the engine and the actual beating process 

are both effected by the 
beater roll. 

(2) Beaters of the 
circulator ty])e, in which 
the niov('n]ent of the 
])ul]) is maintained by 
a s])ccial contrivance, 
and the la^ater roll used 
only for bea,ting. 

(d) Beaters of thi' 
stone )oll type in which 
th(i roll and Ix'dplate 
are either or both com- 
])Osed of stone, granite, 
or similar non-inetallic 
substance. 

(4) Refiners, containing conical shaped beater rolls 
working in a conical shell fitted with sttitiona]-^ knives. 

77/c IloUandcr . — This beating engine in its simplest form 
consists of an oval shaj)ed trough, divided into two chanmds 
by a “midfeather,” which does not, however, reach com- 
pletely from one end to the other. 

In one of the channels the bed of the trough slopes up 
slightly to the place where the “ bedplate ” is fixed. The 
bedplate consists of a number of stout metal bars or knives 
lirnily fastened into an iron frame, which lies across this 



-Ui. — l)Ratiii.c: Fnj^iue with 
Four beater Polls. 
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is: 


clumiitil. Tile IxMtor roll, a lioavy (‘iist-iron roll provided 
with projeetiii^ knives or hhides arraii'^^i'd in (dumps, of 
throe around the (dixminference, and su2)ported on ))earin^s 
at eacdi side of the en^j^ine, lawolvos abovti the Ix'dplate with 
the knives adjusted to any re(pnr(‘d distanoi' fi'oni it, the 
raising or loweidng of the lu'ater roll for this j)urt)ose being 
effecJted by the use of adjustalfk' hearings. 

The IhhI of the trough ladiind the Ixiater roll rises sharply 
up from the laalplati*. and them falls away suddenly, as 
shown in the diagram, forming the “ hacd^lall.” 

When the engine is in o))eration the mixture of waUir 
and pulp is drawn between tiu! knives and (drculiited round 
the trough. Th(‘, material is disintegrat(al into iihres of 
the ro(phr(ul condition, dis(d!arg(Ml over the. backfall, and 
kept in a state of continual circulation, and the beating 
maintained until the stulI ha.s been sullicicmtly tre.ahul. 

The dimensions of the engine \ary ati('.ording to the 
capacity, which is usually expixisscul in terms of the amount 
of dry pulp the beater will hold, and the following ligurcs 
may be taken as giving the average size-s:-- 


JjOTlgtll . 

Width . 

T)«>j)lh 

Iliiipictcr oi loll 


1 1 ft 0 HI. m 11. 0 in. 

.1 ft. 0 in S I'l. 0 in. 

l! tt^ o in, ‘J It !l in. 

d ft. 0 in. -1 It. () in. 


Sundry modiheations in the form and arrangiaiient of the 
be.ater have been tried froin lime to time. In iHtib (iranville 
patented the substitution of a second beater roll in iihua^ ot 
the stationary bedjilate for the ]>uri>os(i of hastening the 
operation. Ue])eated attempts have been made to construct 
a beating engine with two or more rolls, hut it is evident 
that such a device could hardly succeed, since it would he 
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impossible to ensure proper adjustment ot the rolls, and in 
thiit case one roll might be doing all the worlv. 

The first machine of this type was paientcKl in 187‘2 by 
Balt. " Similar beaters were devised by Eoibes in ISHO, 
Macfarlane in IHBb, Pickles in 1894, who proposed to use 
three rolls, and Partington in 1901. Hoffman describes a 
beating engine whicli was working in America containing 
four rolls, as shown in the diagram. 

The, Ihnpherston . — A notable modification of the Hollander, 
having an arrangement by which the two channels of the 



ITo. r>0. — Limpherstoii Beater. 


engines are jdaced under one another, and one which is 
largely used for fibres, is the Fmpherston. Several engines 
<liffering in detail, but embodying the same principle, have 
• been built in imitation of this one. 

Bedplates of largo working surface were first tried in 
England. by Cooke and Hibbert, in 1878, but in practice 
it has been found that no serious deviations from the narrow 
type of pKte are of much value. As a matter of fact it is 
held by some paper-makers that one or two knives would be 
sufficient if they could be relied on to keep true and in 
proper adjustment. 


THE PKCX'KSS iW KKATlXr^ 


ISD 


The Circiilahih) Type of Beater, Thv addition of some', 
device for keepinjj[ tlio pulp in circulation a])art from tjie 
action of the roll hiis rm'ivcd considoradh' attention. Tlu' 
early expeu'iments in tliis direction witli tlu‘, Hollander leul 
ultimately to the construction of the enoino of tlu> circuhitor 
type mentioned in cla.ss 2. 

Thus, in 1872, Nuj^ent }»at(‘.nted a special paddle to he 
used in the Hollander, hy which tlu' pul]) in tlui trough of 
the heater was iiiipelleil towards the roll. Many oth(;r ])hins 



Fjo. .>1. — Section of Finphorston Fcnlin^j; 

w'ere trie'd for this pm pose, a, ml details can h(' seen in the, 
List of Pa, tints (see pa<;e 11)2). 

The introduction of tlu' lauiters with special means of 
circulating the pulp was loimd to he of (he greatest service 
in the treatment of slulT like ('i^)arto and wood pul]), since 
these matewals did not reejuire the drastic measures neces-* 
sary with ra,f^ pulp. In J8!)() several engines of this cliiss< 
were heing ado])ted, amongst which may he mentioned 
Hemmer’s, Heed's and Taylor’s. Thi^ ])ulp dischargi-d from 
the heati'i- roll was drawn tlirough an independent pipe 
or chaniu'l hy means of an Arcliimedeaii sciw, or a 
centrifugal ]mmp. 

Stone Beater suhstitution of stone for metal 

in the roll and bedjilate of the engine brings about some 
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reinark;il)l() cluiii^us in Uiu nature of the lujatcjn stuff. The 
litre is sul)nhtted to the action of rough surfaces ratlu'r 
than that due to the contact of shar]) edges, witli the result 
tliat tlie disintegration is iiiucli more rapid, and produces a 
“ wet ” working puip suitaldc^ for imitation pnrchments and 
similar papers. The latest maUirials used for this purpose 



.VJ.- "Nugent’s Reating Engine witli Paddles for Circulating 
the I'lilp. 


are hasalt lava stone in (4ermany, and carliorundum in 
America. 

(gU’o is necessary in Ihe manipulation of theiie heaters to 
prevent fracture of the stone parts. In the Wagg Jordan 
engine this danger is materially reduced ))y tlie construction 
of the working parts. 

RcfniorH.- In tliesc engines the Iteater roll is a conical 
sha])ed drnui carrying the knives, which revolve inside 
a conical shell comph'tely lined with fixed knives. The 
iihres an^ thus cut up to the desired hiiigth, hut Indore dis- 
charge fi om the eaigiiKi they pass betweem two circHlar discs, 
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results, and the mere substitution of a bc3aior conBiiminpf 
It^ss power is worse than useless unless it can be shown that 
the same effects are heinj^ obtained. 'L’he efficiency of the 
Hollander for the heating of rag pulp, in spit(3 of the high 
])ower consumption, is a case in point. 

With this fa(3tor ]>roperly ponsidered, the power re(piired 



Fig. i)\.- W<»rking l^arte of a Modern Refinin'^ Engine. 


* for beating becomes an interesting study. Many detailed 

* experiments have been published from time to time, the 
most recent being those described by Beadle. 

Patents taken out in Connection with Beating 
Engines. 

1855. Park (1170). - A small steam engine was attached 
to the shaft of the beater roll, so that it could be driven direct. 


liEATIN(J ENGINES 


m 

1856. KiN(iSLANi) (2H2H).-- A form of n'iinor in wliicli tlm 
jmlp was iKialeii by a vortical disc rotating; in an miclosod 
case. 

1860. Jordan (702).— A nnndiiiio devisod for niixin^^ sizo 
with pulp, nnidt; like a conical ivfinin*^ tm^nne, tlic riibbin^^ 
surface boin^^ [)rovidcd with Uudb or culhn-s. 

1860. JoiiDAN (201 ‘J). An engine of the rolhuu' type, 
construclcd with a conical drum rotatin^^ in a conical 
casin{^^ Tbo knives at lb(‘ larf];er end of ih(‘ drum are 
plac(Ml closer tof^etlier Iban tbos('. on tbe smaller end. 

1866. rAiUv (1168). -Two beaters jdaced side1»y side are 
driven by one sU'am en^^jine placed between tbem, tlu^ 
operations la'inj^ so timed that om^ raj^ engine is used for 
breaking wbile tluj other is bnisbing. 

18()4. Ijjotson (2916). — Tb(‘ puljt is j)asHed coiitinuously 
from oiui engine roll to anotber, or from oiui part of a 
beater roll to another part of the same roll through slotted 
] dates. 

1866. L’oecknku (MO).— A beating engine of the reliner 
type witli conical drum and casing. 

1866. Beruam (3299).— A beating (mgine of the conical 
type with the beater roll rotating vertically inshiad of 
horizontally. 

1867. (Jromrton (482).— Device for raising the bars in 
the beater roll as the edge of the j^late wears away. 

18()7. Wooi\(914). — Modification in the form of the beater 
bars (of little importance). 

1867. Edge (3673). — The knivtis of the beater roll dis- 
tributed at equal distances ajairtall round the roll, alternated 
with strips of wood. 

1869. (Iranvjlle (104J).— Substitution of a second beater 
roll for the stationary bed-plate, tbe knives being set spirally 
round the roller. 

1869. NEi\^ELL (2905). — Weight of the beater roll counter- 
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poiHed to allow of the exact regulation of the pressure on the 
stuff in the beating engine. 

1870. liosK (097). An intercei)ting plate fix(^d to the 
cov('T of the beating engine which causes that part of the 
stuff which was usually carried riglit round by the roll to fall 
hack behind the backfall. 

1870. BKNTiiRY AND Jackson (1088) A beat(*r roll having 
the same width as tlie engine, and provided with a cover 
fitted with a pipe which conducted the material hack to the 
front of the roll. 

1871. Patton (1880). — Bottom of beating engine curvtul 
in order to prevent i\n) stuff settling or accumulating atan> 
portion of the machine. 

1872. Salt (1901). — A beating engine of usual typis hut 
having two beater rolls and two drum washers, one pair in 
each of the two channels. 

1878. (jouLi) (709).— A curious engine with horizontal 
shaft having a circular disc at the lower end, fitted with 
knives on th(‘, under-surface, which are in contact with fixed 
knives lying at the bottom of the vessel. The circulation 
of the pulp is effected by the centrifugal force generated. 

1878. Mautjn (8701). — A beating engine with two rolls 
in the same trough, the first roll working in conjunction 
with a smooth surfaced beating roll, the other being in 
contact with a bedplate of the usual type, the object of the 
first roll being to partially disintegrate the material without 
danger of choking. 

1874. Johnstone (8708). — A pulping engine in which 
the rubbing action of two grindstones one upon the other is 
utilised as a means of beating. 

187(). (taudneu (807). ~ a beating engine in v<]nch the 
beater roll is conical in shape, working vertically in contact 
with the bottom of the beating engine, which is also conical 
in shape, the engine itself being circular. 
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187H. CooKK AND flunJKUT (40()H). — Tilt! l)('(ll)ljlU! t‘on- 
3trii(*U!(l ill tlio form of a. circular s(*;j;iii(‘ni wilh a iigicli 
liir^er face than usual, and ca])al)le of adjiistiuciiL, the 
boater roll itself beinj^ lixod in the lK‘arin<^s. 

IftHO. hoiniES A lonj; oval shajied heating en^dne 

divided into three channels inslead of two. In the two 
outer channels are ])laced heater rolls and driini wasluii's. 
The stufY discharged over the backfalls from the two heat- 
inp[ engines hows down tluicentral channel and is circulated 
hv a sjiecial jiaddle constructed in such a nianiu'r as to 
deliver the ])ul]> in two equal streams into the ouli'.r I'haiinels 
to ea.ch of the he-ah'r rolls. 

IHHO. 1’mi-jiki{ston (1150).- An engine constructed with 
a ])assage helow the backfall so that th(‘ sLull circulaU'S 
in a trough underneath the heater roll, tlu^ object lieing to 
ensure more etYective treatment and to save llooi* sj)a,ce. 

lH8d. ArnmisoN (5:J81). A heating (‘Ugiiu' of usual 
lorin, hilt with the heater roll made conical in shajie with 
tlie larger circumterence outwards, and thi' Ixidjilati* ])la.ced 
on an incline jiarallel with ttie, knives on th(‘ heatcu* roll. 

1884. '\1ayfii 5LD (2028). The backfall of the lusating 
engine is of (mtirely dilYerenl const i .ction to the ordinary 
machine, for the lairpose of im])roving the circulation. 

1884. Ho\t (11177). — An ( iigine resi iiihling the Fm- 

pherston, hut with a larger roll, the diameter of which 
is equal to j;he full depth of th*e engine, tlui backfall being 
in a line with the axis of the hcjater roll. • 

1885. floiiDAN (7156).— Additions to the Jordan engine 
for admitting water and sfham to the engim' as I’eijiiiri'd. 

1885. KoiiseuinoEN (IMTd).- The bcahir roll made of 
stone or of metal with tf stone casing furnished with ribs 
or knives placed close together. 

1886. IIiBBEJiT (4267).— A heating engine fitted with an 
ordinary, beater roll, and having in addition a heavy disc 

o 2 
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rotiiting vertically, the disc being litteJl with knives on one 
surhice which rotate in contact with knives lixed on a 
stationary disc. 

18H(). KiioN (9885). — A device ior securing betha’ circula- 
tion of the pul]), the stuff leaving the beater roll being 
divided into two streams wliicli are brought together ag.iiii 
» in front of the roll. 

1S8(). Hounu (10287).— a long rectangular vessel with a 
large b(^ater roll at one end, contrived so as to force the pulp 
leaving tlu' beater roll to i)a.ss down a ])artition so])arating 
it from the pul]) going towards the; beahir roll. 

18H(). Macfaulane (11084). An engine litted with two 
beater rolls which rotate in opposihi directions, the stuff 
being mixed between tliem. 

1887. Nacke (740). A centrifugal circulating wheel 
rotating horizontally in the centre of the beating engine is 
used in combination with a parallel cutting disc. 

1887. Mausiiall (1808). A conical refiner ha,ving in 
addition at its large end a pair of grinding discs fitted with 
knives and rotating vertically. 

1887. VoiTii (6174). — An alteration to the covers of the 
beater rolls which prevent stuff from being carried round 
the cylinder, and cause it to pass over the backfall freely. 

1890. JIemmer (1748B). — A beating engine jirovided with 
a separate return channel, for the pulp, the circulation 
through the channel being effected by a small , centrifugal 
*pump. 

1890. A. E. Heed (19107).— A beating engine in which 
the ])ulp discharged over the backfall is delivered to the 
front of the beater roll by a screw propeller. 

1891. Kakoer (11564). — A beater similar to the Cnipher- 
ston, but pi'ovided with a circulating roll fitted with radial 
projections which delivers the stuff' to the front of the beater 
roll. 
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1892. Taylor (7;i97).- xV l)eRtin^ enj^ine in wliicli tho 
beater roll openites in a elosod chainber above tbe vat •full 
of pulp, the stnft beiii" continually circulated by a centri- 
fu^ral pumj) which draws the stock from the bottom of tlu^ 
Yat and delivers it to the beater roll. 

1892. Annandalk (917J1). — A conical shaped beating" 
engine with the boater roll rotating in a, vertical position, * 
th() larger end of the cone Inking downwards. 

1892. Umphhrston (1 r>7()(h. — An addition to the heating 
engine arranged so that two fixed bedphWies are used 
instead of one. 

1892. ^IfLLER (15917).— A machine in which two tixcMl 
bedplates are used, one below the beater roll and one above, 
tbe engine being fitted with suitable balHe plates to ensure 
])roper circulation. 

1892. PnvRsoN AND P)RRTRAM (11115(1). — A Special form of 
refining (uigine in which the pulp is subjected to the action 
of discs rotating vertically, the knives being arranged 
radially on the disc. 

1892. Caldwioll (15222). A rotai'y beating engine in 
which the beating surfaces admit of acc.uate adjustment. 

1894. Cornett (!(45) — An outlet is fixed to the beater 
roll Ciising close to tbe discharge from the bedplate, so that the 
roll is not impeded by the weight of the pulp, which is 
subsequently pumped to the front of the beat(‘r roll. 

1894. Shand and Bertram (41 2()). - A beating engine* 
similiar to the Urapherston beater in which the Ixiater roll 
is raised uj) out of the puliv and the circulation elTectexl by 
means of a worm which delivers the pul]) to the front of tlu^ 
beater roll. • 

1894. Bicixles (20255).— xV beating engine somewhat 
similar to an Umpherston, but fitted with three beater rolls 
and bedplates. 

1894. IliRRERT (25040). — A beating engine in which the 
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pulp is i)oaten between two discs rotating vertically, the 
pulp being brought between the discs through the hollow 
shaft of one of the discs. 

181)5. Ekown (1()15). — An engine in which the heater roll 
and hcidplate both revolve, hut in opposite directions, and at 
differeni, speeds in order to draw out the lilu’es. 

1805.’^ Schmidt (24780).— A device by means of which the 
])ulp discharged from the heater roll is diverted into supple- 
mentary channels on either side which come together again 
in front of the heater roll. 

1900. Hadfield (2U»H).--An adjustable hafifte hoard 
passing through the cover of the heater roll which 
prevents the pulp being carried round by the roll, more 
or less. 

1900. Masson and Scott (58I»7). — An improved form of 
4'aylor healing engine in which the chest of the (mgine is 
vertical instead of horizontal. 

1901. rAiiTiNOToN (21054). — A continuous elliptical 
trough provided with two heater rolls. 

1902. IhcAJiD (19085). Improvements in the form of the 
propellers used for circulating the material. 

1902. PorE AND Ml ELEN (22089). improvements in 
])ro})ellers for circulating the pulp. 

1908. Annanj)ale (20012). A new^ form of heating 
engine somewhat on the juinciple of a steam turbine. 

1905. Ijehtkam (1727).- A heater similar lo Masson’s 
tow(T heatiu’, hut in which a pair of reciprocating wheels 
litted with tu'ojecting knives are,used instead of a centrifugal 
pump. 

1907. Wago’s JoiiDAN Engine»(0788). - A conical refiner 
litted with specially arranged metal or stone knives. 
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THE DYEINE AND COLOl'KINii OF I’AI'EK PFEP 

Xe^kly all papors, even those eoininoiily rofrarded as 
white, are dycnl with some })ropurtion of colouring jiiatUu’. 
With the ordinary writing and ])rintiiig papers*th(> process 
is usually confined to tln^ addition of small (piantitit^s of 
pigments or soluble colours sulhcicnt to /(on the ])ul]) and 
correct the yellow tint which tlie raw’ materia,! possesstjs 
even after bleaching. In tin; case of cov<',r ])a,p(U‘s, tissues, 
and similar coloured i)a])ers, the ]>rocess is one of dyiiing as 
it is generally understood. 

Th(! colouring matters which have been employed by the 
l)aper-maker are — 

i’jOMRNTS. 

(A) Added to the jmlp in the form of minerid in a hnely 
divided state. 

Ydlow. — This colour is obtained by tin; use of ochrcH, 
which are natural earth colours of varying slnuh's, 

ti 

from bright yellow to brown. 

JLcil . — Ordinary red lead. 

Various oxides of iron, such as Indian red, Venetian 
red, red ochr<s rouge. 

All expensive pigimmt prepanal by grind- 
ing cobalt glass. 

Ultramarine — A substance of com])l(!X coni])Osition 
p)'epared by heating a mixtur(5 of china clay, 
carbonate of soda, sulphate of soda, sult)hur, 
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charcoal, and soraeiiiiies (fnariz, rosin and in- 
fusorial earth. 

Prussian Blue — A compound prepared by adding 
potassium ferrocyanide to a solution of ferrous 
sulphate. 

7i/vuru.— Natural earth colours, such as sienna, umber, 
Vandyke brown. 

Blach- Tjaraj)-hlack, bone-black, Frankfort black. 

(B) Produced by the reaction of soluble salts upon one 
another when added to the pulp in tluj beating engine. 

Yellow,— Vhrome Yellow- Tb(5 imper pulp is first im- 
pregnated with acetate of lead, and potassium or 
sodium bichromate added. This precipitates the 
chromate of lead as a yellow pigment. 

Chrome Orafu/e—Tho, addition of caustic alkali to tlie 
bichromate solution converts the chrome yellow into 
an orange. 

Blue. — Pnissiun Blue -The paper pulp impregnated with 
iron salts is treated with potassium ferrocyanide. 
The blue colour is at once obtained. 

Brown. — Iron Buff -A yellow-brown colour due to 
the precipitation of ferrous sulphate by moans of an 
alkali. 

Bronze . — Manganese chloride followed by caustic soda. 


SoLTIULK C^OLOTIUS. 

(A) Natural Dyes. These colouring matters are now 
seldom used. 

Yellow and The vegetable extracts, such as 

fustic, quercitron, cutch, turmeric, have practically all 
been replaced by aniline colours. 

AVd.— Madder (Turkey red). Brazilwood, cochineal (a dye 
obtained from dried cochineal insects). SalRower. 
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ii/arA’.— jjogwood, used in conjunction witli an ii'on salt. 
Cutch, used with an iron salt. 

(13) Coal Tar Dyes. ,Tlic dyeing and colourmg oF papier 
pulp by means of tlie artificial organic substances has 
become a inatbu’ of diiily routine, the expensive natural 
dyes and the ordinary pigments having luaai almost 
completely superseded. Tlu^ numerous colouring mattt'rs 
avaihiblc may be classified either by rehuamce to tluar 
chemical constitution or simply on general liiu's, having 
regard to certain broad distinctions. 

ff the hitter classification is taken, then thi' (fyes familiar 
to the paiie.r-inaker may be dividial into 

{a) Acid dyes, so calhul because the full elVect of the 
colouring matter is best obtained in a bath showing a,n 
acid reaction. 

{h) Basic dyes, so calhal because the colour is best 
developed in an alkaline solution, without any excess 
of mordant. 

(c) Substantive dyes, wliicli do not nHpiire I he use of a 
mordant, as the colour is tixed by tlu' fibre without 
such reagents. 

Some of the most freipiently used colouring matters are 
shown in the accompanying table tui ])age ‘.iO’i. 

The distinction Ixitween arid and hanfr dM‘-stutrs is lai-gely 
due to certain characteristics juissessed b> many of them. 
Thus magewta, which is tli(‘ salt of the base known as . 
Bosaniline, belonging to the basic colouring matters, a grou]) * 
of dyes which do not posstiss the fastness of colour jieculiar 
to acid dyes, -has a limited a])j)iication. But by tnaitment 
with sulphuric acid magenta is convertinl into an acid 
magenta, and this dye has wider application than the basic 
salt. Similarly the basic dye called aniline blue is insolubll^ 
in water, and therefore has only a limited use, but by treat- 
ment with sulphuric acid it is converted into alkali blue, 
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soluble blue and so on, whicdi dissolve readily in waler and 
aije good fast colours. The acid dyes generally have a 
weaker colouring ])ower than the basic dyes, but they 
produce very even shades. 

The dillerence in the composition of the basic and acid 
dyes is taken advantage of in the dyeing of p<ii)er pulp to 
secure a com})leto distribution of the coloiii’iiig matter upon 


Coldui 

An.l 

A'ollow 

Metftnil yellow. 

joid 

I’iiper 3 'C‘llow, 

Gnu 1 go. 

( dunge II. 

lied. 

Niiphthol yellow S. 
(piinoline yellow. 

Fast rod A. 

PlllO 

I'otton scarlet. 
Frvthriu(‘, 

Poncoiiu. 

AVater blue 1 N. 

;nid 

Fast blue. 

V^iok't. 

Acid violet. 

lirown 

Naphthylmnine brown. 

Pdatik 

Nigrosine. 

1 

Green j 

Brilliant black B. 


, Aaramiiie. 
Obrysoulino. 


! Ithoilaiiiiiu'. 

I P.i])e‘r s«nl(*t. 
Salrimine. 

; iXragciita. 

, Motliyloix* 
Vn'toriii hluo. 

! Xow hliif. 

I Indoiru) blue, 
i Motlivl violet. 

, (V}stul violet. 
liiKinarck laown 
Vesuvine. 

I Coal P>lack )i. 

I Itiamoiid green. 

I Mala<‘]iite grocui. 


( 'otlnii yellow. 

( 'hr> eo])lienine. 


Congo red. 
l)(Mi/o{mrpu]-in. 
Oxainint^ nnl. 

A/o blue. 


the pulp, with the result that the intensity of colouj- is 
increased, its fastness strengthemul, and the pro(?ess of 
dyehig generally rendered niore economical. This is 
effected by the judicious addition of a suitable acid dye to 
the pulp already coloured with the basic dye. 

The direct colouring matters have but a very limited 
application for paper dyeing owing to their sensitiveness to 
acids and alkalies. 
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Intlio colouring of paper pulp, atientiou ingivtui to many 
important dc^tails, such as 

Faduuf iif Colour .- — Some loss of colour almost invariahly 
occurs even with dyes generally lool\ed upon as fast to light. 
The shade or tint of th(‘ paiua- is iiffect(Hl not onlx by ('.xposure 
to light, but hy contact of the coloured paper with common 
hoards on whicli it is often pasted. Tlu*. alkalinity of straw 
boards, for example, is freqm'utly oius source of serious 
alteration of colour, and the acidity of badly made t)asies 
and adhesives another. 

In all such cases, the dyes must he carefully solechid in 
order to obtain a coloured paper which will show a minimum 
alteration in tint by exjujsure to light or by contact with 
chemical substances, 'bhis is pariicularly necessary in 
coloured wrapping ] taper used for soa[), tea, cotton yarn, 
and simibu’ goods. 

Uncvcnucsi; of Colout. The difTenait allinity of tht' 
various paper-making 1 ibi-e,s for dyes is apt to produce an 
uneven colour in tlu^, finished j)a])er. This is v'ery notice- 
able in mixtures of chemical wood pul[> eethilose and 
mechanical wood pulp. Tlui lignocellulose of the latter has 
a great af'linity for basic dyes, and if the re(|uii‘od amount 
of dye is added to a heater containing the mixed pulps in 
an insufficiently diluhal form, the mechanical w'ood pulp 
heconuis moi'e d(‘e2)Iy coloured than the cellulose!. If the 
former is a JiAely gi’ound pulp, the (dfect is not veiy notice- 
able, but if it is coarse, containing a large number kA coars(‘ 
fibres, then the j)ajier ai)j)ears motth'd. The defect is still 
fuj-ther aggravated when the pajuir is calendered, especially 
if calendered in a damp .condition. In that CM,se the 
strongly coloured fibres of mechanical wood arc! very 
2)roiiiinent. 

AVh(!n dyes have been carelessly dissolved and added 
to the bec\ting engine without being pro])erly straiiuid, 
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unevenness of colour may often be'" traced to the presence of 
,undis 8 olv('d particles of dye. 

Irmiular Colour of thv tiro Sidr^i, IMany pa2)iu’s exhibit 
a marked difleroiice in tlio colour of the two sides. When 
heavy pigments are em])loyed ns the colouring medium, the 
under side of the sheet, that is, the si<l(; of the paper in 
conta(!t with the machine wire, is often darker than the 
top side. 'Fhe suction of tlie vacuum boxes is the main 
cause of this defect, though the amount of water flowing on 
to the wire, the “ shalo*. ” of the wire, and tin; (*xteiit to 
which the ])aper is siz(‘d are all contributory causes. JJy 
careful regulation of tlu^se va.rying conditions the trouble is 
consid(U*ahIy minimised. 

The under surface of the ])a2)er is not invariably darker 
than the top surface. With lugments (»f less siKU'ilic gravity 
the reverse is found to he the case. This is probably to he 
exidained by the fact that some of the colouring matter 
from the inKhir side is draw’ii away from tlui ])aper ly the 
suction hox('s, and the 2)igment on the toj) si<le is not drawn 
away to any serious (‘xtent, because the layer of 2)ulp ])elow 
it acts as a filter and promotes a ret(‘ntion of colour on the 
top side. 

It is interesting to notice that this irregularity sometimes 
occurs with soluble dyes, as for cxam])le in the case of 
aiiraniine. The decomj^t^sition of this dye when heated to 
the temperature of boiling water is well krtown, and the 
contact of a damp sheet of 2)ai)er coloured by auramine 
with the surfaces of steam-heated cylinders at a high 
tem2)erature ])rings a))out a ^lartial decomi)osition of the 
dye on one side of the papei^ G(inerally speaking, acid 
dyes are more sensitive to heat than basic dycis. 

The presence of china clay in a coloured paper is also an 
explanation of this irregular a 2 )poarance of the two sides. 
China clay readily forms an insoluble lake Vith basic 



TllH DYEIKd AND ('OLOITKIND OF PAFFK FULV ‘Jor, 


dyes, and \y\wA\ tbesucticAi boxes on ilie niarliineare Avorkrd 
Nvitli a hi^li vaeiimu the pa})cr is a])t to be Hiore dt'eplv 
coloured oiu; side tlian another. 

I'lir Machine liachiratcr . — Economy in ilu^ use of d\('s to 
avoid a loss of tlie colourin^^ matter in the “ l)ack\\ titer/' or 
waste water from tlie ])a])cr machim', is only obtained by 
careful attention to details of manubicliin^ on the, one baml 
and by a knowled<jje of tlie chemistry of dyein*^ on the 
other. The lossis jiartly avoided by re^ubitin^ the {imoiint 
of wa‘er used on the machine, so tlnit very little actmilly 
goiB to wiste, and further reduciid by ensuring as complete 
a piecipilation of the soluble dye tis possible. 

The acid dyes generally do not givi* ;i colourless hack- 
water, and all jmlps require to be heavily sized when acid 
(lyes are us<mI. 

The hanic dyes are more readily iM*ecipilal‘'d tlitin the 
acid dyes, jiarticularly if a suitable mordant is used, even 
with heavily coloured pajM'rs. The addition of tin acid dye 
to imlp lii'st coloured with a basic dyi' is frecpieiitly resorted 
to as a means of more complete precipilaiion. 

Ihjcincf io Nua/p/c.— The matching of cole-r's has Ix^im 
greatly simplilied through the publication of pattern books 
by the linns who manufa(‘ture d^es, in which hooks full 
details as to the composition of the jiaiier, the projiortion of 
colour and the conditions foi* maximum (dfects are fully 
set out. Tlu; precise nssvdts ohlaim^.d l»y treating paper 
pulp with delinite jiroportions of a certain dye, or a mixture 
of several dyes, is determined by experimental trails. A 
delinite (piantity of moist paftially beaten and sized pulp, 
containing a known weight of air-dry lihn*, is mixed with a 
suitable voluim; of water at h UmijMU-ature of to E. 
and the dye-stuff added from a burette in the form of a 
1 per cent, solution. If preferred a measured volume of 
a 1 per cent, solution of the dye can be placed in a mortar, 
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{ukI the moist pul}), ])reviouslj sqifeezcd out by baud, added 
f^radually and \v(3ll triturated witli the pestle. 

The dyed mixture is then suitably diluted with water, 
made up into small sheets of paper on a hand mould or a 
siphon mould, and dried. 

The effect of small additions of colour to the contents of 
a l)eating engine is fre(|uently examined in a rouj^di and 
ready way by the bea.terman, who })ours a small quantity of 
the diluted pulp on the ed^^je of the machine wire while the 
machine is runnin‘^^ This j^ives a little rough sheet of 
paper very quickly. 

The c()mi)ai'ison of the colour of a beaterfull of })ulp with 
the sample })a])er which it is desired to match is also 
elTected by r(;ducing a portion of the paper to tlie condition 
of pul}), so that a handful of the latter can ))e com})ared 
w'ith a quantity of })ul]) from the engiiu'. This is not 
always a reliable process, es})ecially with })a})('r8 coloured 
by dyes which are sensitive to the heat of the })a])er machine 
drying cylinders. 

DcUrtion oj Colours in Papers , — The examination of 
coloured [)a])ers for the i)ur])Ose of determining what dyes 
have been em])loyed is a difficult ta,sk. With white p{i|)ers 
which have been merely toned the ])ro])ortion of dye is 
exceedingly small, and a large bulk of })a]'>(‘r has to be 
treated with suitable solvents in order to obtain an extract 
containing sufficient dye*for investigation. 

With coloured ])apers dyed by means of pigments, the 
colour of the ash left on ignition is some guide to the 
substance used, a red ash ittdicating iron oxide, a yellow 
ash chromate of lead, and so on. 

With papers dyed by ineifns of coal tar colours the 
nature of the colouring matter may be determined by the 
methods of analysis employed for the examination of 
textile fibres. 
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Tlie following liinU f'ivi'ii liy Kolluiaiin will bo found 
useful: — 

Teav up small about 100 orammos of paper, and boil it 
ill aleoliol, in a llask or a rotlux condenser. 'I’lns must bo 
done liefore the strijiiiinf; with water, so as to extract tbe 
size whicdi would otlua'wise protect tbe dye from tbe water. 

Of course the alcobol treatment is omitled wilb unsized ^ 
paper. The paper is now boiled witb from tliree to five 
lots of water, takiiif; each time only just enough to cove.r 
the paper. This is done, in the same llask afler poindnc oil 
any alcohol that may have been used, and »lso with the 
reflux condenser. 'J’iie watery extract is mixed with tho 
alcohol extract (if aux ). Three, cases may occur:^ --(I) The 
dye is ontirclv stripped, or very nearly so. i'll llie dxe is 
p'artly stripped, what remains on the fibres showme tbe 
same colour as at first or not. (d) 1 be d\e is not stripiied. 
T'o iinike sure of this the sidutioii is lillered, as Ihe jiresiince 
in it of minute fragments of fibre deceive the eye. as to the 
stripping action. In the first two ca.ses the mixed solutions 
are evaporated down to one half on the water bath. Iilleied, 
evaporated further, and then precipitated by saturating it 
M-ith common salt. The dye is thrown om at once or a ter 
a time. It may precipitate slowly without anx s,.lt Ibe 
precipitated dye is filtered off and dried, lo sec who hei 
it is a single dye or a mixture, make a not too dark solution 
of a little of it in xvater, and hafig u), a strip ol tiller papei 
so that it is* partly immersed in the solution If the la ter . 
contains more than one dye they will usually be absorbed 
to different heights, so tli.t tlie strip will " 

fiift-erent colours crossing it. If d bxmd hat there s 
only one dve, dissidve «ome of it m as^ 1, lie watei as 
nosIible,and mix it with “ tannin-reagci.l wd.ich is ma. e 
l,y dissolving equal weights of tannin and 
in ten times the weight of either of xvater. If there is 
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precipitaiu there is a basic dye, if iio^, an acid dye. In the 
former case mix the stronjjj solution of tlie dye with con- 
centrated liydrochloric acid and zinc dust, and boil till the 
colour is destroyed. Then neutralise exactly with caustic 
soda, filter, and put a drop of the filtrate on to white tiltoi* 
])aper. If the original colour soon reappears on dryinfi;, 
we draw the followinj^ conclusions : — 

(a) The colour is red ; the dye is an oxazine, thiazine, 
azine, or acridine dye, c.ff., safranine. (h) It is oranj^e or 
yellow ; the dye is as in (a), c.//., phosphine, (c) It is 
green; the dye is as in (a), c.(/., azine green, (d) It is 
blue; the dye is as in (a), c.//., Nile blue, new blue, fast 
blue, or methylene blue, (c) It is violet; the dye is as in 
(a), iiiauveine. If the original colour doc^s not reajipear 
on drying, but does so if paddi^d with a 1 per cent, solution 
of chromic acid, we draw the following conclusions : — 

(a) The colour is red ; the dye is rhodamine or fuchsine, 
or one of their allies, {h) It is green ; the dye is malachite 
green, brilliant green, or one of their allies, (c) It is blue ; 
the dye is night blue, Victoria blue, or one of their allies. 
(d) It is violet ; the dye is methyl violet, crystal violet, or 
one of their allies. 

If the original colour does not reappear even with 
chromic acid, it was in most cases a yellow or a brown, 
referable to auramine, chrysoidine, Bismarck brown, 
thioflavine, or one of their allies. 

If the tannin reagent produces no i)recipitate, reduce 
with hydrochloric acid and zinc, or ammonia and zinc, and 
neutralise and filter as in the- case of a basic dye. The 
solution when dro])ped on to white filter paper may be 
bhuiched (u), may have become'’ a brownish red (b), may 
have been imperfectly and slowly bleached (c), or may 
have undergone no change {d). 

(a) If the colour quickly returns the dye is azurine, 
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indigo-oarmiiK^ mVro^lne, or one of their jillios. If it 
reiuins only on paddin" with a 1 per cent, solution pf 
c'hroniic acid, wanning, and holdin^^ over ammonia, some 
of the dye is dissolved in water mixcul with concc'ntrated 
liydrocliloric acid, and shaken up with ether. IE the (‘.tlKU’ 
takes up the dye, we have aurim^, cosine, erylhrine, 
phloxine, erythrosine, or one of tlu'.ir allies. If it does 
not, we ]iav(i acid Enchsine, acid ;^reen, fast j^i'oon, water 
blue, patent blue, or one of their allies. If th(^ colour 
never returns, heat some of the dye on platinum foil. If it 
dehaf^rates ^Yith coloured fuiiK^s, the dye aurantia, 
naphthol yellow S., brilliant yellow’, or one of tluur alhV.s. 
If it does not dellagrale, or very sli^ditly, dissolve a littb^ of 
the dye in one hundred times itsweijj;ht of water, and dye a 
cotton skein in it at the boil for about fifteen minutes. 
Then rinse and soap the skein vigorously. If the dyeing 
is fast with this treatment we have a substantive cotton 
yellow or tbiazine red ; if it is not, we have an ordinary azo 
dye. ih) The dye is an oxyketone, such as alizarine, 
(c) The dye is tbiazol yellow, or one, of its allies, (d) Tlui 
dye is thiotlavine 8., quinoline yellow’, or one of their 
allies. ' 

If the d 3 ^e is not stri[)ped by alcohol and w’uter, it is 
either inorganic or an adjective dye, such as logw’ood black, 
cutch, fustic, etc.; and we proceed according to the colour 
as follows : - 

If it is red or brown, the dyed fibre is dried and divided 
into two parts. One is boiled with bleaching powder. If 
it is bleached entirely or to ft large extent, the dye is cutch. 
If the bleach has no action, incimu'ate some of the dyed 
fibre in an iron criicibhi anti heat the ash on charcoal before 
the blowpipe. If a globule of lead is formed, we have 
Saturn red. The second portion is boiled with con(*.entrated 
hydrochloric acid. If there is no action, we have Cologne 
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umber ; if tliere is partial action, iJe have real umber ; i 
the dyo diHSolves completely to a yellow Holution, we hav( 
an ochre ; if the solution is colourless instead of yellow 
and chlorine is evolved during solution, we have manganese 
brown. 

if the colour is yellow or orange, boil with concontratee 
hydrochloric acid. If we get a green solution and a white 
residue, we infer chrome yellow e)r orange. If we get £ 
yellow sedution, we be)il it with a drop or two of nitric acic 
and then add some ammonium sulphocyanide. A ree: 
colour shows an ochre or Sienna earth. 

If the colour is green, boil with caustic soda lye. If the 
fibre turns brown, we have chrome green. If no change 
tabes place, boil with concentrated hydrochloric acid, 
yellow solution shows green earth ; a red colour logwoot 
plus fustic. 

If the colour is Idue e)r violet, boil with caustic soda lye 
If the fibre turns brown, we have Prussian blue. If nc 
change tabes place, boil with concentrated hydre)chloi-ie 
acid. A yellow solution shows smalts. If the colour it 
destroyed, and the smell of rotten eggs is developed, wf 
have ultramarine. 

If the colour is blacb, warm with concenti’ated hydro 
chloric acid containing a little tin salt. If the blacb it 
unchanged, we have a blacb pigment. If we get a pinb tc 
deep red solution wo have logwood blacb. 

lly means of the tests above detailed at length the grouj 
to which the dye belongs is discovered, and often the actua 
dye itself. Once the group Fs bnown it is generally easy 
by means of the special reactions given in many boobs 
in Bchultz and Julius’s “ Tabellarische Ubersicht,’ 
to identify the jjarticular dye. 

When one has to deal with a single dye and simjdj 
desires to determine its group, the following tsble, due t( 
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J. Tlorzfold, will siiRice. OrifijiDally intended for D xiiles, it 
will sorvo, with some moditicatioiis hero iimdt* in it, for tlu^ 
rapid testing of paper. 

1. Eo;i) AND llKonisH ])i:owN Dyks. 

Hoil the ])!ip(5r with a inixtiiro of ah-nhol and sulphatt' of 
iilninina. If no dye is extracted or a lluoresci-nt solution is 
J'oniied, wo have an inorganic pigment, or (iosine, phloxino, 
rhodamiiK*, safi’anim;, or one of tlieir allies. Add hh'aching 
powdto' solution, and lu^at. If the j)apm‘ is hlifacluul, aild 
concenti'at('d hydrochloric acid. A vioh‘t colour shows 
safianine or an analogue. If tlun’o is no coloui’, hut the. 
lluorescence disapi)ca)s, we have eosine, ])hloxin(‘, rhoda- 
mine, or oiu' of their allies. If the paj)er is not hleachtMl 
t(ist for inorganic colouring matters, ( iitch brown is partly 
hut not entirely bleached. 

It the alumina solution giv(!S a red or yidlow solution 
without tiuoresccaicas add to it concentrated sodium bisul- 
phite. If bleaching takes place, lu'at a ])iece of th(‘ paper 
with dilute spirit. A red extract shows sandal wood, fucli- 
sims etc. If there is litth* or no extract, we have acid 
fuchsine or one t)f its allies. If the hisiilplutc causes no 
bleaching, ])oil a i)iec(‘ of the pai»er with very diluti' hydro- 
chloric acid, if the colour is nnc]iang(‘d, heal another 
jii(}ce of the paper with dilute aceUate cd' lead. If no change 
takes placid, wV have an azo dye. If the colour turns to a 
dark brownish red, we hav(; cochineal or the like. If tlui 
boiling with very dilute hydroidiloric acid darkens the colour 

we have a subsiantive cotton dye. 

• 

*2. Yiu.low and Oir NGE iDrs. 

Ileal some of the paper with a not too dilute* solution of 
tin salt in Indrochloric acid. If the colour is unchanged, 
’■ p2 
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with a colourless or yellow solution, boil some more paper 
\vilh milk of lime. A change to reddish or brown shows 
turmeric or n congener. Absence of change shows phosphine, 
(juiiioline yellow, or a natural dyc-stulf. If the acid tin 
solution turns tlie paper red, and then quickly bleaches it 
to a pale yellow, we have fast yellow, orange IV., metanil 
yellow, bi illiaiit yellow, or the like. If the tin turns the 
l)aper greyish, heat another portion with ammonium 
sul])hid(\ A blackening shows a lead or iron yellow. 
If there is no chiinge, we have naphthol yellow, auraniine, 
azoHavim^,' orange II., chrysoidine, or one of their allies. 

B. (tricen Dyes. 

Heat a sample of the i)ai)er in dilute s])irit. If the spirit 
acquires no colour, warm for a short time with dilute sul- 
phuric acid. If both i)aper and solution become brownish 
red, we have logwood plus fustic. If this fails, boil with 
concentrated hydrochloric acid. A yellow solution shows 
green earth. If this fails, boil with concentrated caustic 
soda. Browning shows chrome green. If the spirit 
becomes blue, it is a case of paper which has been top})ed 
with blue on a yellow, brown, or green ground. The solu- 
tion and the insoluble part are separately tested. The case 
is probably one of an aniline blue dyed over a mineral 
pigment. y If the spirit ^becomes green, heat with dilute 
hydrochloric acid. If the fibre is completely or nearly 
bleached, and the acud turns yellow, the dye is brilliant 
green, malachite green, or one of their allies. 

4. Blue and Yiolet Dyes. 

Heat some of the paper with dilute spirit. If the alcohol 
remains colourless, we have Prussian blue or ultramarine. 
If it becomes blue or violet, shake some of the pa])er with 
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concentrated Hulpliuric acid. A dirty oliv(! fjjrecn shows 
methylene blue, and a brownish colour shows spirit blue, 
water blue, Victoria blue, methyl violet, etc. If the spirit 
turns yellow, and the colour of the paper changes, we hav('. 
wood blue or wood violet. 



CIIAPTl'Ill XI 

PAPKll AllLL MACIIINKUY " 

In the case of common printings and writings, which 
form the great hulk of the paper made, the ]X)SHihility of 
one mill coraj)etmg against another, apart from the im- 
portant fac‘tor of the cost of freight, coal, and labour, is 
almost entirely determined by the economy resulting from 
the introduction of modern machinery. 

The equipment of an up-to-date paper mill, therefore, 
comprises all the latest devices for the elhcient handling of 
large quantities of raw material, the economical ])roduction 
of steam, and the minimum consumption of coal, matters 
which are of course common to most industrial operations, 
together with the special machinery pciculiar to the manu- 
facture of paper. 

The amount of material to be handled may be seen from 
the table on page 215, which gives the approximate quantities 
for the weekly output of a common news and a good print- 
ing paper. 

Ecoitonu/ ui Coal Consumption . — The reduction to a 
minimum of the amount of coal recpiircd for ton of pa])er 
has been brought al)out by the use of appliances for the 
better and more regular combustion of the coal, such as 
mechanical stokers, forced and induced draught, the intro- 
duction of methods for utilising waste heat in flue gases 
by economisers, and the waste heat in exhaust steam and 
condensed water by feed-water heaters, the adoption of 
machines for securing the whole energy of the live steam 
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by means of superheaters, adequate insulation of steam 
mains and pipes, high pressure boilers, and engines of most 
recent design. 

The tiring of steam ])oilers is now conducted on scientitic 
principles, the coal being submitted regularly to proper 
analysis for calorific value, the evaporative power of the 
boilers being determined at intervals by ade({uate trials, 
the condition of the waste Hue gases being automatically 


Table showing the Materials required for News 
AND Printings. 


Weekly oiUput of papor, say . 
Miu'Iiiinical wood pulp, luoist, 
60 ]M’r (.‘ont. dry . 

(.’homical wood jnd]), dry. 
Ks])arto .... 

Soda ash . 

Coal 

Ijimo .... 
China (day 

lU(3ach . . . • 

Alum, rosin, and chomicals 
\Vat(3r, pc'i' ton paper 


-%■ 


OoniriKHi New*.. 

G""(l 1*1 ml iiiL’s. 

000 tons 

260 tons 

SOO „ 

Nil. 

200 „ 

1 60 tons 

Nil. 

200 „ 

Nil. j 

Id M 

000 tons 1 

soo „ 

Nil. 

i „ 

00 tons j 

26 ,, 

Nil. 

SO „ 

20 tons 

20 ,, 

S,000 gulk-tt- ’ 

10,000 g.allons 


recorded in order to obtain regular and maximum com- 
bustion. 

The Sarco CovihuHtion llecorder . — This instrument is a 
device which automatically records 11 le percentage of car-* 
honic acid gas in the waste gases from boiler furnaces. The * 
flue ga*scs are analysed at Jreipicnt and regular Intervals, 
and the results of the analysis can he se,en on a chart 
immediately, so that it is possible to determine the effect of 
an alteration in the tiring of the boilers within two minutes 
of its taking place. The apparatus is rather complicated, 
but the principle upon which it is based is simple. 
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Measured quantities of the Hue ceases are drawn into 
graduated glass tubes and brouglit into contact with strong 
caustic soda solution, which absorbs all tlie carbonic acid 
gas The remaining gases not a))S()rhed by tlic ca,ustic soda 

are automatically mea- 
sured and the percentage 
of carbonic acid gas re- 
gistered on the chart. 

The use of suitable 
boiler feed -water is also 
an important factor in 
modern steam - raising 
plant. The hot condensed 
water from the paper 
machine drying cylinders, 
and exhaust steam from 
the engines and sbiam- 
j)ipes, is returned to the 
stoke-hole to be utilised 
in heating up the cold 
water which has been 
previously softened by 
chemical treatment. 

Water Softeuiuff. The 
water softeners available 
on the market are numer- 
ous, and as edch possesses 
special advantagiss of its 
own, it would he almost invidious to select any one for 
particular notice. 

They are based upon the principle of mixing chemicals 
with the water to be treated, so as to pi’e-cipitate the matters 
ill solution and give a boiler feed-water free from carbonates 
and sulpliates of lime and magnesia. The chemicals are 


A 

— - ■ —A 





Pig. on. — Ocmventional Diagram of a 
Water Softeuing Pluut. 

A WaU-i supply. 

U HoniilaliiiK tank. 

Liiuf mixer. 

]). So'l:i lank 

E Scttliii}' Unk :m(l lilli't. 

E. Duth-tloi Mpllenril 
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added in the form of solutions of carefully regulated 
strength to the water, which iiow in a continuous stream 
into a tank. The Row of the water and chemical reagent i^? 
adjush'd hy ])revious analysis. 

The various machines dithn* in details of construction, and 
in the methods by which the mixing of tlui water and re- 
agents is ejected. • The object to be achieved is the complete 
])recipitatioii of the dissolved salts and the ]»roduction of a 
clear water, free from sediment, in an api)aratus that will 
treat a maximum quantity of water at a cheap rate per 
1,000 gallons. 

The process needs proper attention. Tlie addition of 
reagents in wrong luoportions wdll do more harm than 
good, and possibly result in hardening the water instead of 
softening it. The following may he quoUnl as an exam])le : — 


Coinjiositioii (»1 WatfT. 

Trfjit.iiinit 

1 

TkmI iiK'til. 

1 Cli.'iiij^e. 

( Vilcium carbouato . . 


dS-920 

1 2.VOd7 gain 

Calcium oxide (lime^ . ' 

0 0 

H-;u)o 

1J-;U)0 „ 

Calcium silicate 

2 ()()2 


1 J-d29 ,, 

(-'alcium sulpliati' 

1 •d2d 

2 121 

0-190 „ 

^ I agnosia .... 

00 ! 

o- 20 (; 

0-200 ,, 

Feme oxide, etc. 

0-il7 

0-9.S7 

O-olO ,, 

Scale forming miiieruLs . j 

17 00T ' 

00-1 So 

1 42’ IKS gain 

(^alcium cliloride , . i 

i*;{;ji : 

21M 

! 0-780 gam 

Magnesium chlorido 

0 072 

0-0 

0-072 loss 

Sodium chloride . . , 

O-JTK 

0-470 

! iroo.o ,, 

Soluble salts , 

2*1S2 j 

2-o90 

! 0-108 gam 

Total mineral matter . 

20;470 i 

02-770 

42-297 gam 

Carbonic acid g.is 

1 

9-71 j 

0-0 

9-71 loss 

Oxygim gas . 

4)-00 j 

0-00 

0-0 


Tje.jtineut mgiiml : rs lbs. of limi', 0-2 lbs. wkI.i asli ])ei J,000 
pfalloiis. A])])ui(*Titly ll).s. of lime were b«‘iijg used and iio 
soda (Stromeyer). 
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Snperheah’d Steam, — The effective application of the 
ener^^y of the hi^li pressure steam is probably one of the 
most important problems in paper mill economy. The use 
of superheated steam is being extended in every direction, 
and, in addition to the advantages obtained in the steam 
engine itself, its wider possibilities for the boiling of esparto, 
wood, and fibres generally have been notai. The following 
case may be quoted as the result of a trial at a paper mill, 
showing for stated conditions the advantages of superheated 
steam 


- 

St(3.'ini. 

Oitiinnij 

SU'.'iin. 

Duration of test hourb . 

2b 

:m 

Coal coiisiiniod (lbs.) — 



Per hour .... 

()10'.3 

(>01 "0 

Per 1 h.-]>. hour . 

1 'M 

2*08 

Water e^ a])orated (lbs.) 



l^er hour . . . . i 

4,«:V2 

5,079 

Per 1 h.-p. hour. 

ppr).3 

17’8 

l^romaiidat212^‘ F. . . | 

H‘7 

8-<)l 

yteain, tomperature F. . . i 

4r>4 


Pressure 


9()'8 

t?teain engine — | 



1 h.-p, total 

ddl-o 

32;P2 

Toini)eratiire F. . 

:i8P8 

m-H 

Coal used per 1 h.-p. 



Per hour at boiler 

l-S’j 

2-08 


This appe.ars to show a saving of 12 per cent. 

Proihiccis.- The substitution of gas for steam in the 
paper mill has not yet proved a success. The fact that heat 
is required for the drying cyliiuhjrs of a paper machine, and 
that the heat is most cheaply ^ud readily obtained in the 
form of exhaust steam from the engincjs driving the paper 
machine, militates considerably against economies which 
might otherwise be possible. The difficulties of heating 
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siK'h cylinders, or ratlior of properly controlling and regu- 
lating tlie temperature liy any other means than steam, may 
easily be surmised. 

(las engines of over 200 h.-p. seem to give considerahh' 
troii])Ie at j)resent, but no douht in course of time the 
reipiired im])rovements will be effected. 

It is genei-atl>'*sui)i)osed that gas lu'oducers can only lu^ 
economical when utilised for the j)r()duction of gas on a large 
scale, and for distribution to engines of smaller capacity 
than the main steam engine require.d in a pa.per mill. Tlu', 
peculiar conditions of the manufacture of pajier do not 
a])])ear to he favourable to the adoption of the gas producer 
system in its present form. 

Motirc Poiver . — The paper-maker has taken advantage oi 
every modern imju'ovenumt in steam engines for the purpose 
of rcalucing the cost of motive power. Amongst other 
alterations in this direction the use of a high speed enclosed 
engine and the employment of the modern steam turbine 
may l)C iioted. 

In the enclosed engine the working parts are boxed in by 
a casing fitted with oil-tight doors. The cranks and con- 
necting rods splash into the oil, which i-. thus thrown about 
in all directions, so as to ensure suflicieni lubrication. 
Another feature ol this engine is the variable speed, and it 
is possible to run the paper machine at B]jeeds varying from 
100 to 500 ft. per minute without the use of change 
wheels. • 

Kh'cl rival />rb'oq/.~ The ajqdication of electricity for 
motive»])uW(w has made steady advance's in the jiaper mill. 
At first it was limited to the driving of machinery in 
which variations of sikhhI or load were not reepiired to any 
large extent, hut of recent years beating engines, calenders, 
and paper machines have all been fitted with electrical 
drives. 




PAPftR MILL MACHINERY 


221 


The following details relate to the installation at the 
Linwood Paper Mills:— 

The installation consists of ‘250-KAV. steam dynamos. 
The engines are Lilian’s high speed trii)le expansion, 
working with a hoiler pressure of 250 ll)s. per sijuare inch 
at' the stop valve, tin', steam being superheated to give a 
temi)erature of 500^' Fahr. at the engine. Hy moans of jet 
condensers a vacuum of 25 to 25^ inches is obtainiul on the 
engines. The two boilers are of the Babcock t\ pe, and 
have 8,580 S(piare feet of heating surface each. The furnaces 
have chain grate stok(a*s, and the boilers are iH'ranged with 
their own superheaters. Tlie motor equipment consists of 
eight 80, two 50, and ten 25 B.IT.P. motors. 

Six of the 80 B.H.P. drive the heating engines, and it has 
been found that the motors readily respond to an overload 
of 50 per cent, without h(‘ating or other trouble. To namaly 
the excessive and sudden variation a belt drive was adopted. 
An 80 motor drives the pulp reliniiig engine. The two 
paper-making machiiK's hav(‘ each two motors, one a 25 and 
a 50 and the other two 25 B.TI.P. motors. The speed can 
be regidated with exactitude. The auxiliary plant of the 
paper-making machine, ])umps, agitators, etc., is worked 
from lines of shafting driven by motors. 

Calender motors are of the valuable speed type, being 
designed to run from 100 revolutions per minute to (500 
revolutions per minute. Valuations from 800 to (500 
revolutions per minute can be regulated by the shunts, the'^ 
loss h^ing negligible. Bevcral of the motors are geared up 
to the various machines, aa is the case with the calender. 

As regards cost, the capital outlay on the 500-K.W. 
generating plant, inclucHng engines, dynamos, boilers, 
condensers, steam pipes, filters, etc., and all engine room 
accessories, was i!9,500. 

In addition to the above, the plant also contains a Parson’s 
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Fig. d ~, — An EJectricallv Driven I’a^er ^Machine. 
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steam turbine of 1,000 K-W., driving two continuous current 
dynamos. 

The FAhel Patnit.- One of the most im])()rtant improve- 
ments in connection with tlie manufacture of newspaper is tlie 
l^jibel process, designed to increase the speed of the macliine 
and to reduce the amount of suctiim at the vacuum ])ox. In 
the ordinary macliine the wire has usually biaui arranged 
to move in a horizontal plane. In some machines means 
have been provided for adjusting the breast-roll end of the 
wire to different elevations to provide for dealing with 
different grades of stock, but the wire has never hitherto 
been so inclined as to cause the pajicr stock to travel at a 



speed, under the action of gravity, to i ]ual or approxi- 
mate the speed of the wire. Jn all previous methods of 
working, the wire has for a considio-able portion of its 
length, starting from the breast-roll, drawn the stock along 
in consequence of the wire moving much faster than the 
stock, and the stock has waved, ?)r rippled, badly near the 
breast-roll en*d of the wire. This has gradually diminished 
until an equilibrium has been established and an even surface 
obtained, but not until the waving or rippling has ceased at 
some considerable distance from the breast-roll have the 
fibres become laid unifonnlj, and the machines have there- 
fore necessarily been run slowly to give ample time for the 
water to escape and for the fibres to lie down so as to make 
them a uniform sheet. In many cases the breast -roll has 
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l)efin raiHod 14 or 15 iiu-lies, and tli^stock nisbos, as it wore, 
downhill. 

As, during ilio formation of the paper, tlie stock and Uie 
wire ])racl,ically do not move relatively to each other, there; 
is nodra<jf of the stock ui)on the wire; cons(‘(|iiontly there is 
a more rtipid and uniform drainage of the waUa* from the 
stock, the full influence of the “shake” is made effective to 
secure uniformity in thedistrihution and interlocking oftlu‘ 
fibre's, and the re-gularity of the formation of the paper is 
not disMirhed by wave's or currents, which would e)the'rwise 
he caused hy pull e)f the wire upon the slock. 

This ingenious device is now working sueicessfiilly i?i 
many jiiiper mills. 

M(irhi)U‘rjf. -ln setting out the plant necessary for a 
])a])er mill which is designed to produce a given quantity 
e)f finished paper, the manufacturor takes iiite) consideration 
the class of pai)er to be made and the raw material to he 
emjdoyed. Tlie following schedule has been prepared on 
such a basis ; — 

Pt.ant ANn MAcniNKKY FOR ITkut-class Printings. 

Pajx’r, 

High-class printings made of wood pulp and esparto, 
used alone or blended in varying proportions as 
required. Quantity, 250 tons weekly. 

Jlau Mat ('rial. 

hi spar to ; chemical wood pulp. 

Quantity: esparto, about 200 tons; w^ood phlp, 150 
to 160. 

China clay and usual chenjiefl-ls. 

In the estimation of materials required for the production 
of about 250 tons of paper, it is assumed that the 200 tons 
of esparto fibre will yield 90 tons bleached esparto fibre, and 
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thai the iiiochanicul bosses wliicli talio place iliirin^ manii- 
factnro an' eounterljalaiiccd l)y ilic woij^ht of ciiiiia clay 
added to Hit' pul]). These coiidititins naturally vary in 
ditTei'enl mills, hut such variations do not aiTeet the schedule 
of machinery. 

'2 steam or electric cranes for handling' jihrt', clay, alum, 
hleacli, rosin, coal, and linished ])ap(!r. 

1 d-ton \vei^ld)rid^"(!. 

1 o-ewt. platform scales. 

Sh'i/iii J'ltifil. 

h S-ft. by do ft. Ijaucashirt' hoih'rs. 
hiK'l economiser. 

J'’ee,d- water janu]) and t.udv. 

Water soflenin*;- a,ppara.tus. 

I 500-1]. -p. main steam eii^dne, for lihre departments 
and heattir floor. 

Clii'iiucul J )<'}U(rliiii'nt. 

Hoist for clay, alum, bleach, lime, kc. 

1 causticisin^ l>ans, 0 ft. diameter, 1) ft. deep. 

2 storage ta.nks. 

‘d chalk sludge filter jiresses. 

2 clay-mixing vats, 0 ft. diameter, 0 ft. dt'e]). 

1 starch mixer, (> ft. diameter, (> ft. deep. 

1 size boiler, 8 ft. diameter, 8 ft. dei p. 

d size storage tanks, l.OOO gallons each, 
d lileach-mixing vats, 
d bleach liijLior settling tanks. 

2 clear bleach liquor storage tanks. 

1 alum dissolving tank. 

Jky'ttrcrif Drpnrtnu’nl 
Sotla. , 

1 iimlti])le effect evaporating plani. 

1 rotai-y furnace. 
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4 lixiviating tanks, i2,000 gallons each. 

2 storage tanks for clear liquor from lixiviating tanks, 
20,000 gallons capacity. 

Fibre, 

2 tanks for receiving macliine backwater. 

2 Fnllner's stuff catchers, or some other system of 
treating backwater. 

2 filter presses. 

Fjfijxirln 1 >ej)(trlnie)it, 

1 esparto duster. 

Travelling conveyer for cleaned es])arlo. 

() Sinclair vomiting hoihu's, c^ach of d tons cai)acity. 

2 measuring tanks for caustic li(pH)r. 

1 washing (uigines, 15 cwt. ca])acity. 

() Tower bleaching engines. 

I i)r(iss-pate. 

10 galvanised iron trucks. 

]]b)!uJ Pulp lh'p(irt)neut. 

4 pulp disintegrators and ])umps. 

4 Tower ])leaching engiiuss. 

1 washing tanks or draimu's. 

() galvanised iron trucks. 

Beaier Floor. 

8 1, 200-1 hs. luiating engines. 

2 Mai shall refiners. 

0 galvanised iion trucks. 

Paper Mttcliine Piooiu, 

2 paper machines, 100 in. wide, with stuff chests, 
strainers, and engines complete. 

1 paper machine, 120 in. wide, with stuff chests, 
strainers, and engines comjilete. 

Patent dampers for each macliine. 

Calender inp 

2 110-in. supercalenders. 
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2 100-in. sni)orcii’en(lers. 

2 O-reel ciittors. 

1 2 OO-I 1 .-I). main steam engine. 

Finii^liiiKf Room. 

Sorting ta])les. 

Packing prgss. 

Weighing machine. 

Rf’pairs Department. 

r.siial rc])air outfit, sncli as lathes, planing macliim 
drilling tools, etc. 

Jhacksmith's shop ontlit. 

('arjienter’s shop outfit. 

(lalender roll grindm-. 

Water Siipplp. 

]\lain storage tank, 50,000 gnilons cnj)aeitv. 

Water punijis. 

Piping and coni^^flions to various departments, 
liell’s patent lilters (if necessarj). 



CHAPTER XII 

THE Dl'n'ElUOllATION OF TAPER 

Recent compliiiuis al)(>ui the quality of paper and the 
r;i])id d(‘('ay of manuscripts and pa]>ers liav(^ result(ul in 
arousiiif:^ sofiie interest in tlio sulqect of the durability of 
[)aper used for books and le^al dociniu'nts, and in the 
equally ini])orla,nt (juestion of the ink cmiployiMl. The 
Soci(‘.ty of Arts and the liibrary Association in Mni^laud 
and tins Imperial Paper T(‘stini]5 Institute in Cermany have 
already ai)pointed special committees of imiuiry, and from 
this it is evident that the subject is one of urgent importance. 

It is sometimes argued that the lack of durability is 
due to the want of care on the i>art of manufacturers in 
preserving the knowl(‘dg(‘, of paper-making as baiidcKl down 
by the early pioneers, but such an argument is superlicial 
and utterly erroneous. Tlui quality of paper, in common 
wutb the quality of many other articles of commerce, has 
suflenul because the demand for a iHuxlly good bigb-class 
material is so small. The general public luis become 
accustomed to ask for something cbeai), and sincii tlui 
reduction in price is only rembu'ed ])ossible l)y the use of 
cheap raw material and less expcuisive nu'.tbods of manu- 
facture, the paper of the preseifl day, with ceitain exceptions, 
is inferior to that of fifty years ago. 

Tb(i causes which favour the deterioration of paper are 
best undm'stood by an inquiry into the naturii of the lihres 
and other materials used and tlie methods of manufacture 
employed. 
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The IhciL- (loUoii and lint'ii riif!S stand pre- 

cimilioni amongst vogetiiblc lilnos as lamig tlio ^iiost siiitahlo 
f()i‘ il)(! production of liigli-cdass paper ea])al)l(^ of ^Yitll- 
staiiding tlio ravages of time. This arises from the fact 
tliat cotton and linen require the least amount of (diemical 
treatnnmt to coiwert them into paper pul[), since they are 
almost pure cellulose, cotton containing hS'7 ])er cent, of air- 
dry cellulose, andihix hO'hptu* cent. The processes through 
which the raw cotton and tlax are passed foi' the manu- 
facture of textile goods are of the simplest character, and 
the rags themsedves can he convtirted into pjtper without 
chemical trisatment if necessary. As a matter of thot 
certain papers, such as tlu^ (). W. S. and other drawling 
[Ka])ers, are manufactured from rags witliout the aid of 
caustic soda, hleach, or cliemicals. The j'ags are carefully 
sehicted, l>oil(!d for a long time in plain water, brohen up 
and beaten into pidj), and made up into sheets by purely 
mechanical methods. 

The liability of papers to decay, in respect of the fibrous 
composition, is almost in direct proportion to the severity 
of the chemical treatment necessary to convert the raw 
material into cellulose, and tin- extent of the deviation of 
the fibre from pure cellulose is a ineasure of the degradation 
which is to be expected. The behaviour of the fibres 
towards caustic soda or any simjjar hydrolytic agent serves 
to distinguish the fibres of maximum durability from those 
of lesser resistance. It may be noted that in the former 
the raw materials, viz., cotton, linen, hemp, ramie, etc., 
contain a high percentage of pure cellulose, while in the 
latter the percentage of colliilose is very much lower, 
such fibres as esparto, straw, wood, bamboo, etc., giving 
only 40 — 50 per cent, of cellulose. The two extremes are 
represented by ])ure cotton rag and mechanical wood 
pulp. OUier things being equal, the decay which may 
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take place in papers containing the fH)re only, \vith()Lit tlte 
admixture of siz(^ or duunicals, may be considered as oiui 
of oxidation, ■which takes place slo^Yl3" in cotton, and much 
more rapidly with mechanical wood pulj). Kxperimental 
evidence of this oxidation is jilTorded when thin sheets 
of paper made from these materials ar^ ex])0scd to a 
temperature of lOO’ to 110 ' C. in an air oven. The cotton 
pai)cr is hut litthi alfected, while the mechanic/il wood ])ulp 
p!i])er soon falls to pit '-cos. 

Tlie order of durability of various ])a])ers in relation to 
the fibrous Vonstituents may he expressed thus: (1) rag 
cellulose; (‘i) chtunical wood cellulose; (If) es])arto, straw, 
and ])anihoo celluloses; (4) mechanical wood puli>. The 
rate and extent of oxidation is aj)proxiniately shown hy the 
efloct of heat as described. The difTerences hetwt^eii the 
celluloses nrv also shown by ht'aling strips of various papers 
in a wtsak solution of aniline sulphate, which has no efTect 
on wood or rag cellulost', dyes t'sparto and straw' a pinkish 
colour, and imparts a strong yellow colour to mechanical 
wood pulp and jute. 

Plii/Hicdl Qfialitii'if,— The ptaunancnce of a i)aper depends 
not only upon the purity of the liiu'ous constituents and thi; 
fieedom from chemicals likely to bring about deterioration, 
hut also upon the general physical ])ro])erties of the pai)er 
itself. Other things being, expial, the more resistant a paper 
is to rough usage the longer will it hist. Thp reason why 
rag impers are so permanent is that not only is the chemical 
condition of the cellulose of the liighest order, hut the 
physical structure of the fibre Is such that the strength of 
the finished paper is also a maximum. 

The methods of manufacture may be modified to almost 
any extent, giving on the one hand a pa])er*of extraordinary 
toughness, or on the other hand a paper which falls to 
l)ieces after a very short time. Thus a strong^ bank-note 
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pa])or may bo cnimp! m 1 ii]) botwoeii the I’ni^ers three or four 
hiiiidred times witliout tearing, while an imitation art paj>or 
is broken np wlien eriim])led three or four times. 

A thoroiifjli study of the physical qualities of a i)aper is 
th(‘,reforc lujcessary to an appreciation of the conditions for 
durability. Tl^e physical structure of the fibre, the modili- 
cations produced in it by l)eatin‘i;, the effect of dryinjj;, sizin^^ 
and glazinpj upon the strength and elasticiiy of the finished 
paper, are some of tlie factors which nee<l to considered. 

Sfrouflh . — The strength of a paper as measured by the 
tensile strain required to fracture a strip of givl^n width, and 
the percentage of elongation which the paper undergo(*s when 
submitted to tension, arc properti(is of the utmost import- 
ance. The el.istieiiy, that is, the amount of stretcli under 
tension, has not received the attention from ])aper-makers 
that it deserves. If two ])apers of e(pial ttmsile stnaigth 
differ in elasticity, it may l)e taken for gi anted that the 
piiper showing a greater percentage of elongation under 
tension is the better of the two. 

'riie strength of a pape^*, as already indicated, is greatly 
influenced by the conditions of manufacture. This has 
been explained in the chapter devoted to the subj(}ct 
of boating, and other examples aie briefly given in the 
following paragrai'hs. 

Bulk , — ^Tho manufacture during recent years of light 
bulky pa})ers for book jn’odiiction has acctmtmited tlui^ 
])roblem in a marked degn'c, and tlu‘. factor of hnlk as one’ 
of the, causes of deterioration is therefore a comparatively 
new one. It is interesting “to notice that the rapid destruc- 
tion of such hooks by frequent use is in no way rein ted to 
the chemical purity of the cellulose of which it is composed, 
or to the influence of any chemical substance associated 
with the fibre. It is purely a mechanical ‘question, to be 
explained^ by reference to the prociiss of manufacture. 
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This paper is ma<le from espjirto *<mtir(;ly, or from a 
mixture of esparto and wood jmlp. TIk^ pul]) is ])oaten 
quickly, and for as short a time as i) 0 ssil)le, little or no 
cliina clay bein^ added, and only a very small ])ercentage 
of rosin size. The wet sh(‘,etof pa})er is submitted to very 
light pressure at the press rolls, and the i)ulky nature is 
preserved by omitting the ordinary methods of calendering. 

The ])ai)er thus produced consists of librtjs which are biiL 
little felied together. The i)bysical condition and structure 
of the papfer are readily noticea,ble to the eye, and v hen these 
peculiarities Mn* reduced to nunu'rical tei’ins the cllect of 
the conditions of manufacture is strikingly dis])layed. 

The eliect of this special treatimait is best s(‘en by con- 
trasting the bulky esparto featherweight paper with the 
normal magazine paper made from esparto, fn the latter 
case a smoother, lu'avier, stronger sbecit of paper is made 
from identically the same raw material. But tlu' pulj) is 
l)eaten for a longer period, while mineral matter and size 
are added in suitable proportions. The press rolls and 
calenders are used to the fullest extent. 

The difference between these two pa])ers, both consisting, 
as they do, of pure esparto with a small ])roportion of a,sh 
may be emphasised ))y comparijig the analysis by ircii/hf ^^ltb 
analysis by rolnmc. The two pa})ers in question when analysed 
by weight proved to have the following conq)osition : — 
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J)nl, if tlie arej'omjKM’od in fcorms of Llie cmnjhmilion 

hi/ volume, it will be found iliai llie feaiherwei^^liL eoniains 
a lar^e ainonnl of air spaee. 
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In oilno- words, the eoTiditions of inainifaefnrci for the 
bnlKy i)a])Oi' are siidi Ibai tlie fibres are as far apart fj’uin 
one another as possible, and the cohesion of iibj‘e to fibre 
is !’( (liiCM d to a iniiiiimnn. 

AYhilo 2 >aper of this description is agreeable to tlie])riiiter, 
and prol)abl 3 " to the g(!neral reading public!, yet its strengtli 
and physical qualities, from the point .*1 view of resistance 
to wear and tear, are of the lowc'st order. It is very diflicult 
to rebind boobs made from il, \\bicb is nol .iltogether to be 
wondered at, seeing that the ]M)olvbindei-’s stitches can 
hardly be expected to hold together sheets containing (50 to 70 
];er cent, of air space. 

This conci’bte case emphasises the necessity for including 
in a schedule of biandards of quality a classification of 
- papers according to strengtU and bulk. 

Surface . — The introduction of new' nuqbods of printing 
has brought about some clmiiges in the process of glazing 
and finishing paper which are not altogether favou.able to 
the inannfacture of a sheet having maximwu qualities of 
.dreiigtli and elasticity, two conditions which are essential 
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to pcnoanoiice. In oilioi* words, Uv5 very high linisli and 
surface imparted to paper l)y plaUi-glazing, siipercalenderiiig, 
water (inisli, and otlier devices of a similar character is 
carried to ('xcoss. 

All pa,pors are improved in strength hy ghizing up to a 
ccrhiin point, hut over-glazing crushes t^ie paper, renders 
it brittle a,nd liable to crack. Unfortunately, tlie maximum 
strength of a ])a])er is generally reached before the maximum 
of finish, with the result that the former is fre(iuently 
sacrificotl to the latter. The usual result of glazing is found 
ill an increase of 8 to 10 per cent, in the tensile strength, hut 
a diminution of elasticity to the extent of 8 to 10 per cent. 
With supercaleiidered magazine papers, the high surface 
is imparted for the sake of the illustrations which are i)ro- 
duced by methods requiring it. The addition of consider- 
able quantities of clay or mineral suhstaiices improves the 
finish, so that the qiiest'on of the relation of ghizing to 
strength, surface, and loading is one which affects the 
subject of deterioration of paper very materially. Wilh 
writing paper the false standard of an “ attractive ” appear- 
ance is almost universally accepted hy the public as the 
basis of purchase without any reference to actual quality. 

Mifieral 8’a//.s/u;uv,s.— China clay, sulphahi of lime, agalite 
and other inert mineral substances are important factors 
in lowering the quality of pai>er, not so much in promoting 
the actual d(iteriorat:on of paiier hy any chemical reaction 
with the fibres, as in making the paper less capable of 
resistance to the influence of atmosidieric conditions and 
ordinary usage. Clay in small, well-defined quantities 
serves a useful pur[)Ose, if added to some papers, because 
it favours tlu; production of a ‘smooth surface, but when 
the combination of mineral substances us carried to an 
extreme, then* the result from the point of view of per- 
manence is disastrous. This is well recognised by all' 
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pa] ler-Din Ivors, and in^Toriiiany Uie liuiiis of Uio amoiini of 
clay or loading in liigli-grade paper have boon rigidly lixed. 
In the case of imitation art j)a.])er, which contains 25 to 
dO ])er cent, of its weight of clay, the strength and resist- 
ance of the sheet is reduced to a niiniinnni. The paper 
falls to i)ieces ij‘ slightly damped, the felting power of the 
iihres being rendered of no. (‘ITect owing to the weakening 
inlliuaicc of excessive mineral matter. This paptir is used 
chiefly for catalogues, in’ogrammes, circulars, and printed 
matter of a tem])orary and evanescent character, juid so 
long as it is confined to such ohj(!cts it serves ft useful pur- 
pose, being chea[), and suitable for the i)roduction of 
illustrations by means of the half-tone process; but its 
lasting qualities are of the lowest order. 'Dui addition of 
10 per cent, of any mineral substance must be regardiul as 
the maximum allowance for papers intended for permanent 
and frequent use. 

Coatuaj MatenaL — The ingenious method for producing 
an ahsohitely even surf. ice on paper by the use of a mix- 
tuio of clay or other mineral substance and an adiiesive 
like glue or casein brushed on to the surface of the ])a])er, 
is responsible for many of the complaints about the pajicrs 
of the present day. 

The sole merit of this substancij is the facility with which 
half-tone process blocks can be utilised for the purjiose of 
jiictun^ production. Ileyond fliis, nothing can be said. 
The paper is brittle, suscejdible to the least sus])icion of^ 
(himpness, with a ingh ])olish which in artificial liglit pro- 
duces fatigue of the readw's eye viiry quickly, heavy to 
handle, and liable to fail to pieces \\hen bound up in book 
form. * 

As the llbroqs material is comidetely covered by mineral 
substances, it is frequently considered of si^cmidary import- 
ance, with the result that the “ value ” of the paper is 
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judf^ed ejitirely l)y llie, surface coaling, with little regard to 
the nature of tlu'. body pa[)er. In su(‘h cases, with an 
inferior body pa])er, the j)a,i;es of a hook very quiclJy 
discolour, and the letterpress hecoines hlurred. 
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yers'h/.— Tjje presence of an excess of rosin is a well- 
known factor in tlie disintegration of the paper, even when 
the fibrous composition is of the highest order. The 
decomposition is largely due to the action of light, many 
experiments having been made by Ilerzberg and others to 
determine the nature of the reactions taking place. One 
of tlie cliief alteralions is the change brought about in the 
iidv-rosisting (pialities of the ])aper. 

The actual character of the chemical reactions as fa,r as 
the effect on the fibre i« concerned is not accurately 
jkiiown. The degradatioji of a hard-siz(jd roshi jiaper ])y 
exposure to strong sunlight, for exani])fe, is jmohahly due 
to the alteration in the rosin size, and not to any material 
change in the cellulose. It is hardly conceivable that in a 
pure rag pai)er sized with rosin {fiid yielding readily to ink 
penetration, after about one year’s exposure to light, the 
cellulose itself iiad undergone any chemical changes capable 
of detection. 



TIIK DF/rKlJKUtATloN iW I’Al'FT^ 2;}7 

Gelatine . — Papers j^roperly sizt^d ^Yiih gelatine are prefer- 
al)lo to thoBe siz(i(l wiili rosin for the majority of books a-iul 
docuiiK'.nts preserved under normal eircnm^tanees. But 
the nature of a tub-sized pa])er may he, and, often is, 
greatly altcired by unusual cdimatic eoiiditions. In bot, 
damp countrie^; pa])ers are (piickly ruined, and high-class 
drawing pa])ers sized with gelatine o!ten rendered useless. 
The change is scaicely visible on the clean ])ap(n’, and is 
only nhs(irv(!d when th(‘ pa]Ha- is used for wa.tcu’-colour 
W(U-k, the coloui* aj»pearing blol(*hy in \aiious ])atts of tlu^ 
sheet wh(',re the gelatiiU', ha,s been de^aaiiitosed hy tlu^ 
united action of beat a.nd daiu]* 

The ai'tist is fre(|U(‘ntly compelh'.d in such ('ases to ])iit a 
layer of heavy whiU^ colour on llu' sluM-t of ])a])er la'.foK' 
proceeding to ]niint tlu^ picture. 

Th(^ storage of books under favourable conditions has a, 
gr('at (leal to do with the jiermaiUince of the jjapia*, and 
the degradation of a paper in relation to the tub-sizing 
(pialities is much hastened by the ])ros(mce of moisturi! 
in tlu' air. 

>S76//v 7/.— The sanu^ is true of siaich, which is largcdy 
employed as a binding or sizing material in i>ap(n-. Tlu! 
degradation of gtdatine, starcli, a.nd similar nitrogenous 
substanciis is due to tbe action of organisms, and the 
following experiments, suggested by Cross, are interesting 
in this connccti(jn. 

if strips of })a])('r are ])ut into sto})}HU’ed bottles wdth 
small ,(juantitv of w^arm W’ater and ke])t at a tom]»orature 
of about HO F., fungus gnnvibs will h(' noticed on some of 
tluaii after tbe lapse of fourb^eu days. I la g ])iip('rs siziul 

with gelatine will show micro-organisms of all kinds. A 
pun; cellulose -papa’, like filter paper, will not produce any 
such eff(;cts. The result in the first case* is due to the 
nitrogeiKjus substance, viz., the gelatine used in sizing, 
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since the two p{ii)erj are identical ^as far as the cellulose 
fibres are concerned. Hij^li-class wood pulp pa 2 )ers, unless 
sized with gelatine, would not show similar results. The 
action of the organisms ujion the nitrogenous material by a 
jwocess of hydrolysis is in the direction of the ])roduction 
of soluble coinjKanids allied to the starch sugars ca2)able of 
being assimilated by organisms. 

The cellulose of esiiaito and straw arc readily attacked, 
and it is on this account that th(‘ tissues of tlui various 
straws are digested more or less wlicui oaten by animals. 
Tt is for this reason that the celluloses from strjiw and 
esi^arto arc iiderior to tlui cotton cidluloso in 2 )roduciiig a 
j)a})er lilndy to lx; permanent. 

Clicmind JiCHuhicti. — The mu'essity for manufactui’ing a 
pure cellulose; half stutY is fully i‘(;cognised by ])aper 
makeis. This was Jiot the case in tlu; early days of the 
manufacture of wood pul]), foi* it is a matter of common 
experience that many of the boots piiiifed oji wood j)ulp 
j)a 2 ^cr between 1870 and 1880 an; in a ho])eless condition, 
and it is quite easy to find liooks and periodicals of that 
da^e the i)ages of which crumble to dust when bandied. 
This serious defect has becai proved to be due to the pre- 
sence of traces of cluanicals nsiul in manufacture which 
have not been thoroughly removed from the pulp. 

The i)recautions necessary in bleaching jiulj) by means 
of chloride of lime, in oTder to ju'evont (1) any action 
Ixitwauai the fibre and the calcium liypochldiite,' 2) the 
presence of residual chlorine or soluble'comjiounds derived 
from it, and (B) the i)resence«of by-ju'od nets arising from 
the use of an antichlor, are also well known to jiaper 
makers. The subject has been tlosely studied by chemists, 
who have shown that the deterioration o^f many modern 
pajiers may b« ascrilxid to carelessness in bleaching. 

The questions relating to the chemical residues of paper 
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can only ho adequaU'l}^ dealt witli by a discussion of actual 
cases which arise from time to time. Tli(‘.re are certain 
conditions iu manufacture, common to all palmers, which 
may give rise to the presence of chemical lesidues, of 
w'liicli two have already Ixhui mentioned. 

The acidity of pajiers is fr(*(|uently quoted as an instance. 
It is true that the* presence of free acid in a paper is most 
undesirable, as it seriously attacks the cellulose, converting 
it into a,n oxidised form. This in courses of tiim^ renders 
•Ihe ])a])er so brittle as to destroy its tihrous charact;‘r. 

The change is brought about by the acid, which itself 
Slitters no matiu’ial alteration, so thattlu^ ])roc(\ss of did.orio- 
ration is continiuid almost indedinitely until tlu', cc'lhilose 
is comi)leiely oxidised, ^fost pajHU's, howiiver, show^ an acid 
riiaction when tested with litmus, (iic usual reagent (mij)loyed 
hy those not familiar with the propiu' methods of testing 
paper. All pajiers which have been triiahal wdth an exia^ss 
of alum for sizing puiqioses would show an acid reaction 
with litmus without necessarily containing any fi-ee acid. 

The pri‘sence of iron is undesirahh^, [larticularly in jihoto- 
graphic papers, and since ciahilose has a remarkable artinity 
for iron, the conditions of manufacture which tend to hiave 
iron in the pulp have to he taken into consideration. TIk'. 
jiresence of minute quantitiiis of iron in th(^ form of 
ini])urities must not he confused with ihe pi-esiaiceof iron in 
largii quantities deri\ed from tlni toning and colouring of 
pajier hy meifns of iron salts. 

The fading of colcMir is frequently ohsm’ved when coloured 
•papers ?iie tested on hoxhoards, jiarticularly those made of 
straw. This fading may often he traced to the presence of 
alkali in the straw hoard which has not been completely 
removed in the process of manufacture. 

The blurring of letterpr^iss is^i defect whicii often occurs 
with printing papers made of chemical wood pulp. The oil 
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in the ink seems to separate out on, either side of the hdior, 
producing; a diseolorjition. In such cases the paper itself 
frecpiently exhildts an unpleasant smell. 

These defects are usually determin(‘,d by the presence of 
traces of sul])hnr compounds in the pai)er resulting from 
incom})lete washing of the pulp in manufacture. The 
presence of sulphur com])ounds sometimes associates itself 
with ])a])ers which have been colounnl by means of ultra- 
marine, which in presence of alum is slightly decomposed 
by the'iieat of th(‘ drying cylind('rs. 

Some knowledge of the effect of clKunical residues in 
paper is important, not only in regard to the didcaioration 
which takes jdace. in the lihre itscilf, l)ut also in i-(jlation to 
i.he hiding of the ink which is used. Tlu' subject of tlu! iid; 
has received much attention from chemists on account of 
the siii’ious difficulties which have been experienced by State 
departments in various countries. 

Tlie riiihid Statijs department of Agriculture have devised 
certain methods for ascertaining the suitability of stani])ing 
ink used by the (loviu-imient and suggest tlui (pialities 
desirable in such an ink. The ink. first of all, must produce 
an indelible cancellation ; that is, it must h(‘. relatively 
indelible as compared nith the ink used for printing the 
postage stam])s. The post-mark made vith tlii^ ink must 
dry quickly in order that the mail matter may be handled 
immediately without any blurring or smearing of the post- 
mark. 

Both this property and the propiuhiy of the indelibility 
involve the question of tlu! rate at which the ink ptaietraies 
or is absorbed by th(‘, lihn^ of the paper. A satisfactory ink 
does not harden or form a crusT on the. ink-])ad on exposure 
to air. There must be no deiuisition of solid matter on the 
bottom of life vessel in which tlie ink is stored, and the pig- 
ments on which the indelibility of the ink diipends, if 
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insoluble, must not settle out in sueli a way as to make it 
possible to pour oft* from the to]) of the tM)ntahHU’ a portion 
of the ink .which contains little or none of the insoluble 
pigment or pigments. 

Colonr. -If the subject of deterioration of pa])er is to Ik^ 
considered in its brojub'st s(‘nse as including chan^^es of any 
kind, the fadin^^ of (‘olour must be ta.k('u into account. The 
use of aniline dyes which are not fast to li^ht results in a 
loss of colour in pa])er just as with U'xtiles, and tluj fadin'^ 
may be re^^arded as a function of tbe dye and not arisin^^ 
from its combination with tin? ])a,per. • 

The f]jradual fading; of some dycis, however, and of many 
Wiiter-colour })i.L;ments may be track'd to the i)resenco" of 
residual cdiemicals in the pa])er and to tbe ])resonce of 
moisture in an atmosphere impre<;nated with ^aiseous or 
suspended impurities. In fact the latter is a greater enemy 
to ])ermanenc(! of colour than light, since it has la^en proved 
by experiuu'iit that most colours do not fade, when exposed 
to light in a, vacuum. The oxygiuiof the a-ir in coinbiuation 
with llu' moisture ju’osent is the ])rincipal agent in bringing 
about such changes. Tb(! dulling <‘l 1 ron/a', or imitation 
gold lea.f, on cover ])a})ors is a ])ractical illustj’ation of this, 
though this can hardly be (pioted as an instance of actual 
det(U’ioration of the paptjr. 

The mahitenancc of tbe original colour can only be 
assured by the careful selecli(>nh)f ])ure iibrous material, 
tbe use of fast dy(!S, and tlu' preservation of the book or 
])ainting from the c*bnditions \\hich favour (he fading as 
•di )scrib(!(l above.' For common pa.])ers such precautions 
become im])ossibl(‘, but for \Nater-colour drawings and 
valuable papers tbey are ei^sential. 

The demand for an abnormally white paper is indirectly 
the cause of deterioration in colour, but in !bis case the 
ultimate effect is not a ading but a discoloration of white 
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io 'd more or loss disLinoi yellow or brown colour, due io 
chancres iu tlie fibre which may often b(i traced io excessive 
bleaching. In this case the fadiii^^ of colour is 'lir(',ctly due 
to deterioriition of the paper itself, and may occur in 
celluloses of the ]>est type. AVith lower-grade pa[)ers con- 
taining nujclianical wood ])ulp the degradation of colour 
and fibre is inevitable. 

Air md Moifitiiir.— Tha exact eflects produced on pa[)er 
freely exposed, or in books as ordinarily stonul, depend upon 
the condition of the aimosidiere. Pure air lias little or no 
action upoiujiaper, cellulose being a remarkably inert sul)- 
stance, and even in inijiure mechanical wood ])ulp, if merely 
exposed to pure dry air, tlie signs of decay would be deJayed 
considerably. The combined action of air and moisture is 
of a more vigorous character in promoting oxidation changes 
in the libres, or a dissociation of the sizing and other 
chemical ingredients of the paper. The presence of 
moisture is, indeed, absolutely essential for the reaction of 
some substances uiion one another, and it is easy to show 
that certain chemical compounds can be left in ultimate 
contact, if absolutely dry, for a lengthened ])eriod W'ithout 
reacting, but the addition of a little moisture at once ])ro- 
duces chemical union, d’his may be shown by a simple 
experiment. 

Thus a piece of coloured jiaper which may be bleaclu'.d 
immediately if suspended in an atmosphere of ordinal y 
chlorine gas will remain unbleached for several hours if 
first thoroughly dried in an oven and expose.d to dry gas. 

In the case of liooks and ]);i;])ers, these conditions wdiich 
])romot(^ slow' disinhigration ari' aggravated by the jiresiMice 
of im])uritics in the air, such as the vajiours of burning gas, 
the traces of acidity in tlie atmosplu're of large manu- 
facturing towns, the excessive damimess and iierliaps heat 
of a climate favouring the growth of organisms. All these 
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fiK'tors are of varyiii^^ def^rees in diflercnt jdaet^s, ao that 
tlie (ieterioraiion of pa])ers (loos not prooet'd in tin; same 
nioasure aiifl at tlni same rate evorywlioro. 

Mohiurr. It may not 1)0 out of pbmo to di^ollss sonu.* 
important rt3lM, lions Ix^twiion moisiuro and tlie pliysiciil 
cpialilies of a sli^et of pa])(ir. A pa.p(ir in its normal ('.on- 
ditimi always contains a C('rtain proportion of water as one 
()[ its ini^riidlents, and the pn'St'iice of tin's moisture lias 
much to do with the strength, el.-isticity, and use of tlu* 
jia])er, tlie al)sen('-e of moisture f^ivin^^ rise to dofhcts and 
troubles in tlie use of tln^ jiaper which to a cc^f’tain (extent 
lower its (commercial value and deteriorate it, thout(li not 
perhajis in the sense of permanent (hcf^jradai ion of ([luility. 

One trouhh' freijiiently ((Xperiemced hy statioiujrs ami 
others is tliiit known as wavy edj^ms. The ed;j[es of a stack 
containing sheets of pa p(cr piled upon one another frequently 
twist and curl, ])ro(lu(cin^ what an; known as wavy ed^iis. 
This arises from the fact that the jiapia* wluui manufactured 
was delicient in natural moisture, and that when stacked it 
has j^radually ahsorhed moisture, which is taken u]) lirst hy 
the (xl^U'S ex})osed to the air. This (musos uneipial exjiansion 
of the (ihres with the production of tlu* s('-cal1(‘.(l wavy ed^ujs. 
The oidy remedy in such cases is tlu; tri'e exj))sure of the 
sheets Indore, printinjj;, so that the moisturti is ahsorlxui 
eipuilly all over the sheet. The (cracked (sdj^es of envelo])es 
may be explained hy i-(iferenct? to the same conditions. 
The paper fs worked up into envelojies in an over-dry 
condition, and the 1ihn‘,s, hidn^ somewhat brittle, readily 
•break apart from one a.nothe,r. If the pap('r is kept in 
stock foi‘ some tinu; hcdonc us(i this (Udect can he very 
largely remedied. 

Witli suiiercalpndeied jiapers it is only jiossihle to obtain 
the best results hy allowing the ^laper to staftd foi- sevei'al 
days after makin^^ before it is glazed. 

i {»2 
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It is evidiiiit from iliciso f(3W (!X{im[,'l(3S Unit many of Uie 
troubles (jxpt;rionco(l )>>' ]>rintors are due to the fact that 
orders for jiaiier are frequiiiiUy a-enompanied l)y an instruc- 
tion for imme-diate delivery, under wliicli circumstances it is 
imt»ossil)le to obtain the best results. The e\])ansion of 
])a]iers used for litboj^rajdiy, and the l)ad register frequently 
seiiii ill colour work, may be extilaiiu'd by lefei'eiice to the 
behaviour of the individual iibres towards moisture. The 
expansion is usually j^reab-r in one direction of tlui iiaiier 
than in Uu‘ direction at rij^lit anj^les to it, and this is dut' to 
the fact that' Iibres liave a <j[reater ratio of extiansioii in the 
diameter than in the lenjjjth. 

The Ixiluiviour of papers w’hen danijied is a. iieculiariiy 
well known to paper-makers and printers. For certain 
puiqioses it is desirable that paper should not sho\v any 
iiiatei ial alteration when daini)ed, since any expansion of 
the sheet is lia.ble to throw th(‘ printiiig out of “ n'^n'sler.” 
Idle liability of pajiers to such stnitch or e\])ansion is 
largi'ly minimised by careful maniiuilation of the pulp 
during; the' process of beating, and also by a jinqx'r regula- 
tion of the web of })a])er as it passes from the, wid end ot 
the paper niachim^ over the drying cvlimhu's to the 
calendei s. The jiajier wdiich fullils the necessary qualilica- 
tions as to a minimum strtitch is jinqiared from juilji which 
lias not been bi^aten for too long a jieriod, so that the jiiilp 
obtaiiuid is fairly light and bulky. By this means the 
exjiansion of the fibres takes place in the slujet itself with- 
out making any material alteration in its size. That is to 
say, as the sheet of paper is fairly ojao/, there is suilicient 
room for ex})ansion, which thus takes place with the least 
alteration of the total area of the slu'et. The pajier which 
is allow(3d to shrink on the machine dining the process of 
drying, without undue tensnin, usually exhibits a minimum 
amount of expansion subsequently in jirinting. 
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It is iiiiportiJiiit to Tiotieo tliat tlia o\[)aiiKion ot i)apftr is 
different for ilu' two dirtrtlons, tluii is for the nia(*liiiie and 
eross din^^iions. 

This arises from Uni fact that in tin* imudiinci-madi^ pa])('r 
tlnigreater proportion of the iihrcs point in thedireetion of the 
inaehine while the ])aper is hein^ made. In e()ns(upionee of 
this the expansion of the ]vap(‘r is greatest in wliat is known as 
th(i cross (iirection of the ]>ap('r, tliat is, in the direction at • 
ri^dii anodes to tin' flow of tlie ])nlp alonfij the ma,('liine win\ 

This is to 1)0 explained hy reh'naice to the heiiavioiir of 
tlhres when damped or hroii.i>lit into contact ^idth an exci'ss 
of water. The question of th(‘ (‘xaet clian^ 2 [(‘s in the diimai- 
sions of a tihre due to ahs()r])tion of waha- has l>eon dea,lt 
\\ith in an inierestiiijjj manner hy llohmd. Ho points out 
tliat the. well-known [lecnliarity ol the shrinka^ai of ro])es 
which have ht'en lyiiif^in the xvater can he explained by an 
examination of the behaviour of the single iihri's. He 
relates in detail tlie (‘X]>eriment which can hc^ carried out 
for tlie exact olisiawalion of the lihres when in contact with 
wai(!r. A dry lihre when soaked in wxater ajipears to become 
20 to 80 ]H'j' cent. <:>r('at(M* in diameter, whereas in Itinf^ih it 
is usually only increased liy one-tenth pe.- ('ent. 

'Jdic method adopted by llohnel avjis to jilace a lilire of 
convenient len^^Th on a j:jlasH slip down the centre of whiidi 
was a fine naiTow ejroove ca.[)ahle of holding w'ahii’, so that 
Uh' lilire could lie wetted. Ovi^* th(‘ Jihre was a cover f^lass 
wdtli a snntll scab* marked on it. Tli(‘, loose end of thrj 
fibres jiassed ovei* a small roller and w^as stretched hy a 
lif^ht weight. J’hc movemgnts of the fibre were measured 
hy means of an eye-]iiece micrometer. 

In this way it is posiihle to determine alterations in 
length to Avithin 0*00r> per cent, and this variation can he 
directly seen under the micrositope. • 

Hohnel oliserves in his account of the experiments that 
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all tibres bccoiiK^ thicker when wettejl, that vegetable fibres 
are more susc(^ 2 )tib]e tlian animal fibres. 

Animal fibres exFand about 10 to 1 1 per cent, in iliauK^ter, 
])nl. veg(‘table fibres as iDUcb as liO Fer cent., as sbown in tbe 
following table : 


Aiiiiiial 

I’l l Cl hi. 

\ l■Jl•|,ll•ll‘ 1 iftlc 

Ci'i ( 'I'lil . 

— 

- 

— .. - 



I hnniin liiiir . 

10-07 

Now /ii'aljtiiil lliix 

20-0 

Aiigoru wool . 

1 10-2 ! 

Aloo hoiMp . 

2.VS 

Alj)aciv wool . 

TiissjiJi silk . 

i ! 

lloill]) 

1 22-7 

11-0 1 

(k)floii 

2r.) 


Tbe reverse is tbe ease wben tlui exFansioii of tlu' fibrc^s 
in regard to longtb is considered, simauiiiimal libres expand 
()•“>() to TOO per cent, of their length, and vegetable fibres 
onl}^ O'Of) to 0‘10 per cent. 

The maximum amount of expansion in the case of tbe 
vegetabh' fibres is obtained by gently breathing upon them 
rather than by the use of an excess of water. 

These figures are, important as (‘xplaining many of the 
peculiar charactm-istics of vegetable and animal fibres. 
Advantage is taken of tbe greater expansion of the latter 
in the manufacture of instruments for the iiKiasurcment 
of moisture, such as the hair hygromet(;r, in which the 
elongation of a stretched hair registers tlu*. variation in 
tlui moisture of the atrao/^phere. 

(JiKillty of Book Papers . — The Committee of the Society 
of Arts in d(5aling with the evidence as, to the pcirmanence 
of finished papers suggest the following classification as 
indicating the desired standards of (piality: — 

(A) CLASSmOATlON 'AS TO FlJUlKS. 

A. Cotton, Hax, and hemp. 

13. Wood c(}iluloses, (u) srJphit(*. process, and (h) soda and 
sulphate process. 
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C. jiiid straw cellnlost^s. 

J). Mirliaiiiral wood 

Thi' ('o#iiii)ilt('o find 1‘aull with tlio Fn*iK‘i]»l('S wliicdi 
novel’ll iJa' trade in IIk' inamilaetma; ot lii^j^hadass [)a|)i'rs, 
and limit tlio resiik ot lludi' inV(^sLi^a.t!on to ilu; sii,‘;^(!stion 
ot a normal siandaial of <iiialitv f«n- l)()ok ])a]u'rs rtajuircul 
in <Io(mm(miH of importances accordin;^ to tin* following 
s(da'dnl(! ; — 

/'Waa.s — Not ]('ss tlain 70 pen* nsni. of lilac's of Class A. 

Siiliiff. — Not mores tha,n 2 p('r (nml. rosin, a, lid finished 
with tins normal acidify of ])nr(s^aliim. 

^()\ more tluui 10 jier cisiit. total miiiesral 
matter (ash). 

AVith re'^ard te) writteai doclimeaits, it must hes ewidesnt 
that tins pro])er matesrials ares theises ed (dass A, and tliat the 
])ap(sr should hes pure, sized with ^adatiius and not with 
I'osin. All imitalions of hi^di-cla-ss wrilin^^ pa[)(srs, which 
a, res in fac't meresly dis^anseal jsiintin^^ papesrs, shejiild ])e‘ 
ca,r(d'i]lly avoided. 

Theses I'escoinmenelations are gesesel as far as thesy hut 
in order to e'stahlish tins projier standarels esf ejualifcy somes 
specifications must hes laid elowiiwith re^yard to the stresnf^dh 
e)f the ] sapor and its ])hysical [n-esperties, tes^ijlhesr with a 
resfesremces to the use for which the' jiajuT is intendesd. The 
])hysical condition eif the ])a,])er itsedf apart from the nature 
e)f the lihre has much te) elo with its ressistance te) wesar and 
te'ar, and fliis is esasily tirovesd by conii>aring modern hoeiJv 
papesrs mades frmfi e.siiarte) with book patiers of an esarliesr 
date made frotn the sames^iate'rial. 

The only official sche^.elules e)f resipiirements in relatiesn te) 
public descumesnts is that issued by the Stationery Ollice. 

The eletails sest e)iit relate chiefly to <piesstions of weight and 
strength, the limits beiifg ONpiiBssed in deliiiite form and not 
allow'ing much margin tor variation in respect of strength 
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or libroiis constitiioiits. Abjohanical wood pulp is excluded 
in all ])jij)erri excerpt (‘ouniion nuiterial as stak'd in the 
sclu^diile. Tlui napers recpiired foi- stock are dividtid into 
twelve classe.s. In each class the trad(^ names of various 
sized ])ap(irs are siiecit and the wei<;ht 

of the rejaan, and, wherii nMjuii'ed, any speciaj characteristics 
are set out. The schedule is as follows:— 

Chiss 1. Uitiul-niadc or MiOthl-madr. 

(fnin'di Sjxri/lcation. - Hand-made or mould-made. 
Animal tuh Si/(‘d. (“ I land-mad('’* or “ Alould-made" to he 

marked on tli(' w'ra])pi!r.) 

W'Ih'H' sj)ecial wat(‘r-markin<^ is re(piired mould will he 
siip[)lied hy the Stationery Office for those papers made hy 
hand. 

Chian 2. ]\'i itin(ia, A\r-dnrd. 

Ccncral SprrillruiioH,- Plato rolled. ]\hichine mad(^. 
Animal tuh-sized. Air-dried. (Must hear ink after 
erasui'e.) 

Xofe . — Tlie mean ))reaking strain and mean stretch 
required are, p,iv(m for each paper. The lif^ures rej)r('sent 
th(‘ mean of the rcisults obtained for both directions of th(', 
she(d, and are calculated on a strip of ])aper five-ei^diths of 
an inch wide and having a free leu'jjlh of seven inclu'S 
between the clips. 


Claaa q. OrdiiU'U if. 

(inural Sperificotion,- Hoik'd, Machine-madti. Animal 
tuh-sized. 

China f. nV/7?/n/!s*, Cohyiirrd, 

Sjiceijiraiion.- Jiif^hly rolled. «Arachinc-made. 
tuh-sized. 


Animal 
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CJaHH T). Bloit'uKf riqu ra. 

SpirilicatioK, All ra^. Mat'hiiu'-inado. Free from 
loading. * 

Chins (). J^rinlni'i and Ijihoaraphic Papers. 

General Speeuleaiion.— llollod. ]\Iacliino-mado. 
sized. Loadin^*iiut to oxeood 15 por coot. 

Class 7. Coloured Printings. 

General Spevijiealhai.- Holhul. ^raoliiiKvimidf'. 
sized. 

(lass 8. ('opifinp and Tissue Papers. 

Speeifiealion. — ]\facdiine-ma,do. Fnn; from Joadiiir^. 
(('oj)}’ing paj)ors ani required to give tlinai good ('o[)ieH.) 

(’lass 9. Proirn Jhipers, Air-dried. 

Speeifiealion. - Air-dried. Macdiino-iiiado. 

A'o/r.- - I’lio mean breaking strain and mean stretcli 
rctpiired an; given for caeli pai)er. The Jigiires i(‘preseiit 
the mean of the results ohtjuned for both directions of the 
sheet, and are calculated on a strij) of paju;]’ two inches 
wide and having a free length of seven iiu'hes luitween tlie 
clips. 

In tin; case of papers indicating a larger br('aking strain 
than th(! mininnuii requinMl, a proportional incniase in tin; 
stretcli must also be shown. • 

Class 10. ^ Proirn Paper, (\i/linder-dried. 

Genefal Speeilpalion. i\rachine-made. 

A^o/r. -The ni(;an breaking strain required is given for 
each ])ap(;r. Tlie figures represent the mean of tin; results 
obtained for both directions of the she(;t, and an; calculated 
on a strip of pa])cr two inches wile and having a free length 
of seven inches between the clips. 
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Clans 11. SmaJUiands. 

(ioihi'al Sju't [fica(ii»f. Macliiiio-injidt'. 

('lass 1:2. Jinil Pajji'rs. 

SjarifiratioiK — Highly liiiislukl both sides. jMaehiiKMiiiido. 
Hard nn^iiiG-si/iOcl. 

Meflianical wood pul]) imist not ])0 iis(’d in th(3 m«aniif.ie- 
luro of any ])a]>('rs, \vil,h tiie ('A(*(']>iion of (:n<;in(3-si/,f'd 
eoloni'f*! priniin/^s, and Ijiiff pajxsrs, \v]ior(3 an addillon ii|) 
to 25 ])or cVait. will I)o allowa^d. 

All aniniaJ tuh-sized ])a])ors are rccpiirod to 1)0 as far as 
possible free from ea,rlby iiiatbir; and, oxee])t avIh^i’o 
specially stated, the amount of laadiufj add(!d to olJa r pa])ers 
must not exceed () per cent. 

AVluai sidpbite or soda pulps are used, eitlaa’ sei)arately 
or conjointly, in tlie manufacture of printin^^ ])!i,])ers, ibe 
([iiantity of neither mateiial shall sepa-ratc'ly excecnl 50 ])er 
cent. 

The most compb'.ki specilication as to the r(3(iuirements 
for standard ])a})ers is that ])ublished by the ra[)(U“ Testing 
Institute in Germany, and us(jd as the basis of most con- 
ti acds, at least for public and oflicial documents. 

Slaiidards of (Jaaliti/ in (irrinant/. d’h(3 clas.^ilication of 
papers according to the raw materials us(‘(l and tlu' nature of 
the hnished paper is V(!ry compleh'.. Tlui classilication is 
made under thn'.e luaidin'^s : (.1) Itaw Material; (U) 
Streik^^th ; (G) Uses. 

(A) Classi/icadon accord iinf t*> MatciiaL 

(1) rai)er made from raf^s oilly (linen, hemp, and cotton). 

(2) Paper made from ra^^s with a maxijuum of 25 per 
c('nt. of celhdose from woctil, straV, esparto, inanila, etc., but 
free from mechanical wood pulp. 
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(3) l\i])er made from any fibrous material, but free from 
UH^cbanieal wood pulj). 

(f) l\ii)ep of any fibrous maierial. 

' (/>) ( (u ronlnhf io Si rcitiillt. 


toiU'iiii; jn ! 
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liio ' so 


ooo 


10 


L’ 000 I 000 
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Tile tests foi* U'arin^ len^tli, resistance to foldin^^ (*las- 
tieity, etc., are made in air showing relative humidity of 
()5 per cent. The calculations for tearing lengtli are madt* 
on strips of paper dried at 100 ’ C. 

((') ('l(i^sifirati<fii at'nudiHii t(p /"se. 
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(C) ('laaniftraiion tirronhiK/ to /Tsv- — continued. 
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Mtttii. T M'a lifiniiin^^ dar i\apiarrasar iiii llidlaiidar mid di<‘ 
AiifaJ’liL^mi;^ F’Mar ]*apiai(>, 1S‘K). 

N ^Yl.OU, W. 'I'rado Wa.slr. J‘M)2 

N() 1 ;M \IA' \l’l HR. -Saiinnlmij^' dar YaJ >ahriftaii l‘ui airillialia Papiai- 
mid Tiiilaiipi iitiinii, 

PlKl’TIO, li. Tiaila d(' la aoloratum d<‘s ]).it<‘-. - ]>apiar. l^vaidi 
d’mi aparaii sui IVtal aaliu-I da la Jakiiaatiuii mi papiar. Avaa, 

aaliaiililloiis dt* papial^ auloivs. /’umn. S , i Sij;;. 

Ilh.rj'o, A. -Aiilialmi” fur Fjiraff ziii Duraiifiihruup; daj I’ajn'ai- 

]irufuii^. }>ih!<i jKtil , 

liOSSKL. — Fajuaja uiul Fapit ipnifuiaj: iiiit l»aruaksia1ii)^''un^' dai- in 
dai Sidiwai/ \('i'*v(‘iid<‘ton Saliiail)-uiid Fnu'kjiajiiaio. ISir*. 

SciirMXAN, IM{. <« - Wrlclia UiMudia ItadiuL"*’!! <lia I’ajiiai’qualitat. 
IUi>rrarh,^V,m. 

' SiMiALL, II. AV. • I’apar Taal)n<*l"iCV. 

Sl’KVKNS, II. F.— 'I’Ik' I *a]tar M ill Fliamist . l.onilon, 1907. 

\Vl F.sNKi;, d . M ikrnsko]>i.M‘la, riitai^iudiiMii^ das ]*apiais mit, 
l)aH)iid<'i<'r Fanlak.siahjiijmtp dar* altastan (U-iaiitalisabaii mid I'mup.i- 
isclaui Fajm-ra. liwo/, INflT. ^ . 

WlESNKJi, J.— Mikiohkopisalii! IJiiteAuchuiij; alter dlsturkaslaiii.solKU- 
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UTid nndoror .'isiulistdior PjipJoro nebsf, liistolo;j^ischon lieitra^tMi 7 m \ 
iniki()skn])is(dioii PapijTtiiitf'rsiichuii^. ]K'V«, 1JK)2. 

WiNKLKH, (_). — l)io Tnxikoiijj^cdialis-Postiinmung d. ra])‘n!rstoIT(! 

1!H)2. 

WiNKLEii, ()., UNI) ICarstens. II. — rapu*riint<'rsiH*]m!i';. 1{*03. 

WuRS'j’Ei;. — [jo <‘t la uaturo dii ]ia])’‘)r. /V)n.s-, 1001 . 

Wn.'S’i'KR, J)k. l)i(‘ lU'iRMi Itcai^ciition aiif Jlolzsclilift' nnd 
YciholzO' l*llaiiz<‘iitL‘ilfi zur Ik'stiminuni^ df*s llok^scliliH’.s iin raj>ier. 
Itn'l'n,. 

/iiRAF, A. — I>('r raj)M'ilarW. Til.stt, 1001. 

CELLULOSE, ETC. 

IJkmoj-:, - Vist“os<> atid Viscoid. Franklin Tnstilidn ro]>Tinj. 
ISOO. 

l)Kl!‘^<!ri. J. (Vllnluso, ( VIlulnsc|tr(*dukk‘ n. KiiutscFuksiirrogaU'. 
1003. 

B(K'KM\nn, F.- -Das Oolluloid, soiri Dohmatcrial, Fabrikation, 
Eignnscbaftnn 11 . tcclmiscbe VorwoiKjung. FS.SO. 21e Aufl. 1H04 

BoUNEMANN, it . — Ucbnr ridlnlosc* and noupm Diiiwandlinigsjn’o- 
diikb' d('l^(•llnMl. lUhcviK'h, 1001. 

BorriiEK, ]\r.- l)io vngntabilisclieu b’ascrstofl’n Dai tlolxai’.s clR'in- 
isclu' to(‘biiis('lu>r Biblioihnk. 1000. 

BuTSt'HiJ, O. Diitcrsucbi^ii. an (inrinnnngssrliaiimi'ii, Spliaro- 
kysiallcn u. d. Slniktiirv. (k*llnl(»M\ l.SOl. 

('russ, (’. F., AM» BkvaN, I’l. J.— ('clliilnHe. /jutn/on, )SS5. 

2i)d (’ditinn. 1.S05. 

Cross AND Bfa \.\— K' scarchns on F*.‘llnlos(‘. 1S05 — 1000. 

Ditto, 1000 1!H)5. 

MAR(a)St!irKs, Dr. B.— J)i(! Vb.^ko.sc, ihro llonslolliing, Figraixdialtfai 
iiud Anwcndung. Ar/pr./y, ItMR). 

>S(’IILESINflER, JvliNSTLK'IlE SeIOE (ZKRESTOl'F-SKIDEj.- Mocba- 
nisclit('clni(»l(>gisrlM' Dntorsuclmng d<_T aus nitiiortmii ZollstolTs horgn- 
stolltou >SRid(\ ISOo. 

FIBRES, ETC. 

Anofs. Ti. F.— Din Ab'rarbritnng d(*s Slroho.'^. JIVcr, 1S08. 

Baosuaw. — l’liotoinici«)gra]diy. b'lniuoiitary. 

Benoar DoVERN.MEnt.— Jutoin Bengal, apd on Indian Fibre's avail- 
able for tbo Ma?,mfacturo of Biiper, lleport by IX. Korr. (Jukutla^ 
fob, KS74. 





PiLKKKHODK, S. - {M-oiidstolTcii \()<)r Piipiprl»-rci(hii;j:, l>i/()iidi}r iii 

.S', isrjiJ. 

lidTTi.Kij, ]\r.— I )i(‘ aniiiialischc K.iHTstoil’p. 1}M)1. 

O/Vin j;!; ^'pirinin^ «)f l<'il»n's. 11)01. 

< V)iO{K']"r. -A TmitiRO on Oohbott’s (lorn. ls‘_>s. (IViiitcd on paju'i 
Hindi' of (‘orn hink'^.) » 

(’liniSTY.-— (’onntMTcial Plnnfs mid I M uuv. I.s.s2. 

('rossami Pkv*Ix. — (HI Indian b’lhics. 1SS7. 

(’kosh, ( '. --- JicjHH't on Mis(‘(‘llan(‘ons Pilii’os, l.SSO, 

('ROSS. (\ V.-- Ikist Filiri'.s. Majiclrslcr, l.sso 
T )A RKN, ( 1 .■ -»7 ut (*. Manila, Adansonia. 1002. 

1 lEi’JERiikE, J. — Tiaiti' do.s aiipictm't ^pi (’ial(‘ni(*nt (In': d<' ciiion. 

blaiH's, ti'inls ot inipiinir^. 

Dodoe, (A IP — Loaf Film's of the Unifod Stab'.s. lOOd. 

(LiRCox, JlTLES.— liiblioj^iapliio cb' la tf'chnolo^^ii' chiniiiim' dcs libn's 

toxtilos. PariK, 1S0;J. 

CtELEEH Zoxen, van. — ^L ni woord over niouwo Grondstoffen vofir 
J^ipior, iiiit iiioiistois van dud prooveii etc. AiiusfcKhm, sui. 

1S()(). 

GEoRrifRYTrs, G. v. — Tjclirbuch di'i cboiniscboTi Tf'chnolojri,. 
G('si)iniistfas(‘rii. ISO,) OS. 

GeoROTEVIOs, G. V. — Ijpbrbuch d. idn'inisdion Toclinoloi^io d. 
G('SpinnstfasBrn. 2t(’ Tlo. iSOS - 1002. 

Gkohiiikvk's, G. V, — Todinolo^y of Toxtib' Fibros; from tlio 
Gi'riiiaii. 1002. 

GroTIIK, 11. 1 Mo Todinoloyi(' doi Gi'sjiiiinsifas* I’!. IS7(>— ,S2. 

Goodalk. -■ P}i\ siolo^^ical Piotany. ISOO 

Ham.m arsten, (J, - Untorsncbuiip^i’ii iib.T d. Lasorstoir^o'winminy, 
lS7.b 

JIaE'NAN, AV. L — Textile Fifirf'S of ('omnierop. 1002. 

IloYKR, L. vox. -- Dio Verarboituifg dor Fasorstofl'e. (Sjdniieiei, 
Pa])ierfa])nlsatibii.) die Anfl. 1000. 

JOTTXSTOXH. — Fsiiario. (Society of Arts Lecture.) 1S70. 

KeW llrLJ.ETTX.— A'e.i!:etabb' Fibres. lOOl. 

Lecoatte, 11. — Ijos textiles vl'iretaux ; b'lir i'xamon iniorodiiini(|U(), 
Paris, ISOl. 

Liotaep. — M aterials in India*^nitnble for Fuper.makni;^' GaA ntiu, 
ISKO. 

Morris, Dr.— C ommerdal Fibres. J (Cantor Lediyes.) bSO."). 
Muller, Hu(U).— rflanzenfasor. Leipziy, 187d. 

1 \ • • 
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Paykn, a. — S iic(;o«laTK'8 des chiffoiia. 1‘ariK TJniversiil 
Kij]»|)()rts dll Jury Jiitoriiatioiiul, Classo 7, fjCot. ii. 8 “, 1807. 

Pfujil, K. — Kupiorsioirgarne, ihro llerskdluii^, Ei^(;n8cli:ifkii u. 
Vorweiidbarkcit. IIHM. 

PossEL'I’, E. A. — The Structure of Fibres, Yarns, and I^'a])rics, 
bein^ a Practical Treatise for the use of all -^lersons employed in the 
Manufacture of 'Fextih* Eibn^s. 2 vols., 1002. 

ItosTAlNu AM) Othkus.-'- I hecis liistoricjue, d4scrij)tit, analyticpie 
et ]))iotomicro;'rap]ii(iue, dtk, vcf^ktaux propres a la fabrication de la 
C(*llulose et du jiapier. J*<nis, 8", 10(K). 

PonTUKlKiK, T\— Hamboo considered as a Paper-making^ Material, 
with Uciiyiiks u])on its ( 'ultivation and Treatniont. London, 8'^ 187.7. 

PollTLElKJl'J, T. “llainboo and its Treatment. 1870. 

Silhekmanjy, 11. — Foi'tschritto auf dem Gebieto der clieniiselieTi 
Tee.hnolo^ie d. Gespinnstfasern, 1885 — 1000. 2te Tie., 1002 — 03. 

Thabut, — E tude sur I’alfa. 1880. 

UuBAiN, V. — Les succedanes du chiffon en papeterie.' Far is, 16®, 
1807. 

Vetillaut.— fltiides sur les Fibres Vegetales. Paris, 1870. 

WiEiUf, F G.— llilder aiis Gowerbskunst (aus Tomlinson’s “ Objects 
in Art Manufacture ”), i. Papier. Leijtzaj, sin. 8°, 1855. 

Wjtt, 0. N.^ — riiemisehe Teehnoloj^ic* d<‘r Gesjunnstfasern, ihre 
Giischichte, Gewinnunj^, Yerarbeitjj;. ii. Veredlung. 1888—1002. 

JljETZscirE, Die. — W iehtigsten FaserstoH'o d(U’ europaiscln'ii Indus- 
trie. Anbntun^ /ur Erkennun^ uiid IJntersc.heidun^^. 1005. 

ZiMMEKMANN, A. — Morj»hologie und I’hysiologie der Ptbinzeuzelle. 

HISTORICAL. 

Peanciiet, Augustin. — E ssai sur I’histoire du pajucr et de sa 
fabi’ication. Paris, 1000. 

pREiTKGEE, J. G. J.— Urspi-uiig dor Spielkarten, die Einfuhrung 
des Lc‘in(‘n])apieres, etc., in Europa. (Completed by ‘ J. G. F. Koch.) 
Liipziij, 2 vols., 4 ‘, 1781 — 1801. 

PiiiQi'Ei', Cb M. — Ih'rincrkungen uber das Sai^moln von’ Wasser- i 
zeichen oeb'r l’a,])iermarken, ulsTnucht Ihu der Aiisstellung der alten 
Pa])iermarl\erkunHt zu Paris. 1000. 

liiuoUET, (b M Pajtiers et filjgranej? dos archives de Genes 
1151—1700. (irntra, 18S8. 

pRKiUET, (b^ M. — Geschic^ite dc^' Papierzeichon von ihrem 
Erscheiiion ^^egeii 1282 bis 1000. Mit lieigabe vou 15500. 1000. 
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Butler Paper Co.-- Tho Story of Papor-iniikin^. iJIiivaifo, sm. n 

1901, V • ' 

Collett, (J. D. — History of Taxos on Xnowl(*rl^o. Lom/on, IMOO. 
Congress. — Intoriiational con^rnss do fahricaiits do j);»}»ior ot 
carton, Antworj). (-oniptos rondu dos sAinocs. linnrl/cs 
1894. • 

Dhopisoh, B.~T)io Papiornia.scliino, ihre goschichtlicliu Pntwiok- 
lun^^ij. Construction. 1(S78. 

Mgoer, E. — Lo jKipior dans rantkjuito ot dans los tonii)s inodornos. 
1‘aris, HP, 1800. 

Evans, E. — Tho Finn of John Dickinson A Co., with an Apix'ndix 
on Ancient Pap(‘r-niakin,':. London, sin. S , i siu;. ^ 

Gamble, J. — Collt>otion of DocunuMits (Spoo,ilic:»tions, Ollicial 
Ih'poGs, etc.) rospoctin^- tho ('hums of L. Kohert as tho Oii^uiial 
Inventor, and of J. (hniihlo as th(‘ Fir.st Introducer (»f tho Eioncli 
Paper-mac.hino. Eol., 1801 -.IS, 

IIOERNLE, A. F. — AVho was tho Inventor of Eng Pujier ? 1908. 

Hoessle,F. von. — (rcscliichte dor alten I’apioininhlon in choinaligen 
Stift Kcuipten und in dor Eoi(4ist.adt K(>ni}>ton. 1901, 4^’, 1900. 

IIttnter, j.— S iiocimen of Marks used by Early Mannl.iclureis 
of T'aper (Excerpt). London, 4”, 1.8, ys. 

iMJiEJiDLs, J.--Le papier on Tart do fahriquor do papier. Traduc- 
tion au Francais d<‘ (piqiyriis siv(5 ars conficioncho papyri, H!98), pij-A. 
Bianchd. Avec lotexto latiii. 1899. 

Jackson, J. B An Es.say on the Incamtion of Engraving and 
Printing in ('hiaro Osciiro, as ])ra< ti.s<*d hy D; :<'r, etc, and its 
Aj)plicatioii to the Making of I’apeiliaiigings. London, sin. 17,>1. 

Jansen, II. — Essai sur I’oiigino do la gravuro, etc. /’ores, ‘J vols., 
8^, 1808. 

.Ienkjns, E. — Pajior-making in England, 119.'), etc., from the 
Jj'hntrif Jsfotciafio.i LWord,, September, 1900 — April, 1902, London, 8'-’. 
Karabacek, J,- J )as arabischo Papier. 1887. 

Kent A Co.- Pipw and Paper-making Chronology. London, 8^, 

I u >" • • 

I8i,). . 

Ivna’iiNEi:, E.—Dio Papiere des \1 V. Jahrliunderts im Stadtarchive 
zu Frankfurt a. M. 1898. 

Kirciiner, E. — Das i^ipicr. • Dii* (leschichto d. Papierindustrie; 
die Eohstolhehro d. i’api^rindustrie. .8 Bde., 1897—99. 

Kirchner, E. — Das Pajfier. HSstorisch-technalogischc-Skizzen. 
Jahresbericht der Techn. Lehranstalten in Chemnitz. 190.8. 
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Klein, A.— J'hitwickluiig und Autgal^'cn d(3r l*ai)ioiiiidustriu. 
Jtihcriirh, 19(H). 

IvLEMM, r. — 1 ’a])i(5r-waroiiZL*icli(3n . . . voin 1 Okt., VS91, bis oiuk' 
UH)‘2, i'ur Klasso 27, uiiifassond P:q)icr, etc., eiiif^<3traj^oiieii Wort uud 
Jjild/eichen. Lt tpzhi, siru S‘\ 1903. ^ ^ 

Ivooj’S, M. — Historical Account of I*ajH!r, and of Substaiicos used 
])iior to its Invention (i)iinted on paper made fronw straw and wood), 
s , isoo. 

Ditto, 2nd edition, ISOl. 

IjAfinoix, A. — Ilistoiiipio de la j)apoterie d’An^oiilenio suivi 
(robseivation.s sur lo commerce de cliilfons eii France. /'(/r/.s N , 

1 SOO. * 

Ji\LANi)E, Le F. de. — L’ art de faire le jiapier. Acad. Itoy. 
d(^s sciences. i)f‘scriptioii des Arts et Metiers, vol. 1. H’ol.^ 1701. 

JjETTKE sur loK dccouvertt!s de M. Didot aine dans les arts de . . . 
la papoterie (I’invention du papier-velin). J*aru, 12‘-\ 1783. 

Leuciis, J. — lle.sclireibung der in don lotztcn aclit Jabron in der 
PapierfabnkatioTi gemaebten Verbesserungen. Nacbtrag. Nnrtiht’r;i, 
8\ 1828. 

^Iauaoini. — llayri.sc.be Papierge.scbicbte. 1 Toil. I)i(‘ Papiormubleii 
ini (iebiete der weiland freien Jteiebsstadt Nurnberg. Nnruhvr<j^ 
1891. 

Mauiiel, J<\--Le papier jaiionais. llisloire et fabrication d’apies 
les documents Anglais et indigenes (excerpt). Puri,^, 1871. 

MEEHivfAN, (. 1 ., AND o'liJERS. -Fpi.stolu', etc., de chartjo vulgaris 
liiu'm origimi. FaI. J. Van Va.ssen, llagjo (um. Sin. 8^, 1707. 

Minoux, F., AND Matton, A. i^itudi! sur les bligranes dos papiers 
em})loyes mi Franc(5 aiix He et lo“ siecles. Paria^ 8 1808. 

Millak, 0). - -Pa})ier-iudustri(‘. Scbweizeri&cbe Laiidesausstellung, 
1883. llericbte, (rrujipeO, 1881^ 

Mr uJfAV, J. — Practical Eemarks on Modern Papoi\ etc., with an 
•Introductory A(icount of its Former Sub.stilute. nlnir<jh , 8^\ 1829. 

Pahala'J’OKE, P. — Memoire sur lo papyrus lies Ancions et sur le 
pajiyrus de Sicile, Acad, des Sciences, Paris. Mcm.»j)ar divers Siivans. 

. . . l^^^^Sene, Tome 12. -1^ 1834. 

Pekinot, E. (i.—Essai sur Flusto^re du parcbmin et du \diu, 

I'irns, S."', 38.30 » , 

d. r ‘■^■JJw.ragz.OeBoInVWe 

«Oi.jsi,x, N. L.-Lo ccuU..,«iro de la luaohmo a paiuorcoutiuu. Son 



lilBLKHiHAniY 




invention ]Kn’ N. L. Ikohort eji ITIMK liidicranliir do I'iinciift'in, ]>:ir 
tJ. lii'ovill('. (it'silu»‘rs jhm Icctinimpriirnts . . . jiar 

Saint- Lfj^or, ISIS/ /’ar/f, S'-’, 1!)01. 

Jl()nKR'l'S(>|jif. — Killy V*'afs' Kxjm'iumioo in l*.i|H'r-niaKiny:. Lnih. 

Sen AKlKKli, .). i\ l*io«'ln«'ni!n;^t‘n on lUadon oin I’apior 

niaakfii /under liiiiiipen ol met oen i^enn;:: IJy vue,:i:/<d dei/el\<>n. 
Llit liet, liuogduitdi \’ortaald. J)oel 1 -2. JniKtt nlitni, '1 vuls,, sm. I", 
1770, ^ 

S(’irAr<:ri']';R, .1. (\ — Sjuntliclie Kapiervei'^nelu*, ‘Jt(' Anil. NeOst 
SI Mustern iind Id Kuiilertafoln. Itti/* Ki^hnni, 0 vadn. in one, sm. -K‘, 

1772. 

S('JIAEFF'RR, J. ( -Erwois in MiistorKoi^en dassdie m'lieii l*a])ieri<rleti 
. . . pieh all(Tdin<'s aii'li /u dapeten uKormahlen nnd ^elirauelien 
l.issen, Iininishuiif, ful. • 

S.MlTll^. K. A.-- ih.sturyof Kapor, (Jeiie.si.sand Revelations. 

.l/<f,s.s., r.S'.J., 1SS2. 

SuiiiKRV, S. Ij.— T he Tv})op;ra]diy of tlie lutli (7'ntury . . . 
Exeiii])lilied in a Culleetiun of Kaesiiniles from 100 Works, witli 
Ihoir Wat(*iiiiark>. London, fol. Isid. 

SorilKRY, S, L. — Piineipia Typoujiajdiioa. .\n Attianpt to Klueidate 
the I'aper Marks of the I'ciiod. Lomlon, d vol.'-., iol, iSoS. 

Sl'KCJITllArsKN. — Ilundert JaliM; der Papiertahiik Speelithaiisi'n. 
Kest^eliril't. / 1SH7. 

SlMCKR, A.^ — The i’a]>ei Ti.ade. London, VM)'} . • 

Srol’l’KliAAR, J. II. i)K. — liet Kapiei in de N<‘derland('n ‘>;(‘dui(‘ndn 
d(' middleeii\('n, in/on<l('rh«*id in Zeeland. M iddlthnnj. S’, iSOtt 
Tomlin.sox, lllustrati(»ns ot tin* Usid'nl ''rts. No. d, Pa])er. 
London, d2'', ISoO. 

Vn.LETTE, MvlUilJIs l)E.--<Kaivi<--, with Spee.inu'nH of l‘a])r'r. 
Loudrtfi, 1(5”, 17S0. 

Wi r.l-Ko.M M, M. — IIImr’ <lenljotos nnd l*apyro^ der alien jdej- nnd 
dif' ]’.ij)if!r(!r/eu^Mm^»' in Altertume. /'rm/, lsji2. 

rtlPER MANUFACTURE. 

Arctikr, T. -Tilo Mannfa<'tnre of J‘aper. Ih'van. llritish 
Miiuufuctiirin},- lndnstrn‘s. rw s. 1S7/; 

A rnot.— d'ec,hnolo^-> h»f tho.J^ipor Trade (Pantor 1 eetnin, Soeicdy 

of Arts). Ao/n/ey, 1S7 ^ 

llARSK, J.-' Etudes eomi)?n/es sir rimlu.strie Eianeaiso, ii. La 
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l'{jl)ri(iatioTi nt lo coinmorco rlii papier eii 1<S(K) ('n lSf)4. Join’s, 1 . S' , 

1S(14. 

(\ -l^ip«T Msjnuf:ictnrc — Ti<*ctim‘s. 
liKMtLK, (\ — ( 'liajitrrs oil Pa])(>r-i!iakiiij^. Vol. 1 . Jj^.xhn/, l!)()l. 
Vol. 2, Aiiswors to TcchiiolM^ic.il (iiK'htioiis. 

Vol. Piactioal INiiiitsiii I’apor Mamifac^uro. 1907. 

Vol. -1, Ditto. 1907. 

Dkaiimonm’, 1'\ Report on A]>paratns and I’loees^'s iihhI in ]\L])i‘r- 
innkiii^, (4c. Paris Uni veihal I'lxhiliition, iSliT. Pritish (aiinnaTcial 
Reports, Vol. 1. .S'\ ISOT. 

l>i':NNiyn, J. R. PajM'i-niakin^ Procos^os and Maclnnery, with 
1 lluAtrathais of PajuT-niakin;; Maeliinerv eonstriK'tnd l»y Bertrams, 
Lid, l'!<h iihinyfli , S ', 1S92. 

BKU'iit VMS. IDii. — Spc'cimi'iis of Pap- i. h'llinliin'tjli, (dil. 1(P, 1S92. 
Blvnchk'I, I’alirieation du jiajiior. Jlaj)])orts. Paris ’Universal 
U.xhihition, 1!»00. 

IOlown, il. d\— Th(' ^rannfachire of Papf'r from Wood in the United 
'>tat('s. ISSO. 

Bri{()T.--N()t(' sur la fuhikation du ]>a]>ier d(* jiailh'. Parts, S^, 

\m, 

(lAAiniEDON, E. — Le Papior. lltiidemonoj'raphiqueRiir lapapeterio 
kh’an(;aise et en part ieiili(‘r siir la papetcade Phari'iitaisi'. i. llistoneal ; 
li. J)escriptiv(' of Modern Paper-makinp ; iii. Po-operaliv(' J’aper- 
iiiaktii};. Paris, S'-’, PK)1. 

CiiAlU’ENTiER, P.™ Le Papier. P'r<‘my, id. Eaeycl. C’him., Tome X. 
S^' (s;5), 1S90. 

(1lai*ji»ekton, G. — Practical Paper-iiiakinfr. /.(oe/ea, sm. 8*^, 1894. 
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